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#f aew f©.i»esfc0  ^afi.tmral 01P aFtlf i-' 
dsl is a sajw problem ia f0i*»sfe T^z^onm* 
S«%i:sfmet©3?f .sslmtioB. feM# |if*©lj3,®m- F#iiwii'@» «. 
siv® to0wi#ag# |1) #f tife,# graiftli of m Imfg® 
n^^mr of tr®e ma . CS| ©f tetsasity of gi»«fwfeli 
©a. a wi4# v&tmtj esf work 
U&B ls#®a &mmm e^ut^ oXl®*! eor»ditio»a tu m»®«?feaia tsli® 
i^ Nsrt'Ka®-# of som# ©jC %li# is€tvi€ma1* s^mv&k f.matmrm f otr teii® 
€#TreIopmea% o f^ t&m&t ti*##s..» It is .pftftieixljyply fcpa® tb,a% 
s#» of t&@ S.0II .faster® fin€ in*¥oiwd is 
%he nutritlm aad gwoiwtM &t tymmm M&wm^ noii h&mm. iii-^©stlgafc#4* 
liiv©gfciga%.ioiim 3?#.p0rt®^ ' <i#«igii#a fee ©xpl^ r# 
m thm .timXM #f forest mmd t# a#©®Fifa.i» 
til# la|>©i*tsii0© 0t mmm of tb# siat;^ lti«aal fae%.0F#*. fr#© «;©©#* 
limg» w#r# «.s«# .$.& mMJL. tim mxprnrimmitm tlm 
sts-fe is g;#a«r«i3.3r fcfe# critical stmg# Im tli® ©s-fciifel.lgtoiseBt 
©£ mS fw^m- s®#sl3.,l«g» gipmm 
eo»isipol.l.ed ©^n l^fclsofts &wm mmmlmw to fli# iavi©.®.tlga« 
%i®»a w#.r# 3.-imlls®A fe© ,f«t©ra ia. tb.# soil* Th&j wmwm 
d#s.iga#d .sp©elfie«.tSy fc© (1) .|.atpsr%aat .is 
til© aa%r.iti©a «ia grmwMU #f pine® tirui©:^ mmws&rj 
mnA C-S) impf0r%a»t la t^ # #Jf 
mt. mme pmiri® for©.«t »©il.# «f ©mferal 
f&® e^f t^»#"«p© l^«ats itosM nBmtul fa 
growing fe«.tfe»ir imrm&Tj tTB®B imjc fopsstatlaap, mt^ tm. 
attfc mmtlmdB &f ^stablisliiag amtwallf 
eimllyi,. ®s #it©s« It wa.» 
"b® a3.#o in ©xplainin^ ill# of on 
mmtm 
¥ut3?iM:©s mid iiwmtU mt Cm'stimie'm 
Myeorrhlsae art# tli:6 mtyition ;e0-i%I,.f»:ys 
lli# .jriaagtt-s^f^#^ a#s##lafci»iss mm ar© 
wM#lf #1 g%rib«,.t»4 fcla.© pl«B% kiisgd .^* M:^ ©©r^ lii.sa# 
&wm ©f tw# s®ii®i?al- typesf CX|. ©etot-ropliie ftnd CS) ©ad^fcropiiie*-
Setotroplilc raycforrlilsft#, • Iltt4®la. {1931} «b4 lieArdl# CWSS), s.r© 
tlio®# iM tfc# oxternal mm^mm Qt tli® 1© eo'^ -
#r®d "bf- a fimgous .mantel, mhXlm laypha# also p:®»®fcra%# 
t-la# of tii@ ms€ .pi*i»i*y ^«miag 
wlm% i-s &S6«a mm tli# Hartig aefe#. E©%ot2*opliic syoorx l^iis«» 
•fej McDougall lad©tF©|»li-i« ai|'©.©ripliisa# ae©or€isg t-s 
iiet p0g#««» ^©#11&1. teit tfc* 
ii^ ks# msm felie .e-o-rtex ©©lis tbw* 'h^^wmmu 
•fel3.»a» 0-0»n:eoti©3as tj©t:w##n e'©lXs c^eear,.. li©w#'r©r,, 
«ad sinsl# #ts*iyafts e-f iaye<&llws b#- #bs#3f*^#fi p&sslag t^eagSi 
feb.#. t;o tUm amrro%m€iiis soil.#. 
la sda.l*feiea %© tx*m® ar# ..tti«© stfuiotur©® 
^ileb. fts#G^^ias t& Hateli .S2a€ ©oak. 
<3.933> ana *3.-* simwii m. 
Ijites^#iltila,.r a#ls.», p##nd;©»®f©«rietii»^®s  ^ a# 
ttii# eeil.» mafeitr# -ftarly# as€ d®gosltioms mt 
«a0li. &.» r#@ia# «tia t*tmiRs saitf ^0 lasfe© w^m^m is* 
t© m&tm^ 
MjcorrMsa# e« fc^^ss Imve fe«#is »p«>rt.#d. a# A8 t&© 
qmp-feeir ©f l.ttls Itolmg. tk# «a€ 
Isslfe ^Xi &t tij# 3.9tli. o«3atwa^ a iaacgs isfea»fe«,r ©f p&i^ rs a,^^©a:r®€. 
i*«p&rtln3 tli« oeea»@»c©  ^ and <ilseu$sli3 .^ Uhm si^ ilfleane® 
^«|>©ips imvm "Umrn^ by .E®-lX#y 
11937)^. Fatsla. &ss a. ©®(mp2»®h©2islv@ 
• Ifc i® !!*>% mm pm'p&m. t# .i?«'rl#w tfeis wm*M It 
wlli fe# ©allgliteniag;. q^aote HitliCtib. {,3.3^ )^ «s rolX<6w#f "X» 1890 
1» Ms *£#fai*fei2ye&>. 4®.r BP-tiasiifc,.. *• f^«islc lil®: ©fes^rfm-
fe-ltta# a# I'03«l#ws C:^»2S9|f .liii"fe» €1# 
•« « 
^]^rliis#a, «i» liest&»diis« - E]p»ck#f«asg «. m-iien mrnmrmw 
•W • , • , W' . 
Wald©r #tiii!i, .mQmmlt ®i« ^m !iS#m g#li©f^ ,.» —»• 
C0mpttl£.£#f®., ana ©efaif©!*.®) *aix€. ^mmm $M 
mllem ^m& Srafe&@ll»©a.,^ wo maela. g«sas&l2'fc 
m 
Btm r#s#l»s#ig gmftjua^em mmiXm &:&&& mmt' 
ji^ iSiiii la.fearb#<!«». mmbmi is €mm. ^#s Bmmmm-
ii' ®w#ife s#iii r^s®lsysfe©ia si©:h t«.i»gr©ss«ipa ismg, sit aH©» 
I 
-S®.ag*ttj*.s#l.a is dieses Sfmtolo##, si©li * ** Also, 
*Ia 16S8 S«rtig wr©fc« *» follewss «Di©s# Wtjs*s@lpl3.s# to^®a 
ft 
£a .^ #11 liisaoseB Hald.1>©sfesiid® aelxr allgeasim v&w^ 
WS& g#fe% #iii# Eisb©.|k Baeli©,^  Hai»to»eti@ mO^mr »ia#» llad#!--
Molis^aiM as denen nan nieht mrnhXrelchB W«ra#l.a w&m €#ii 
Fiisi^ ©#! 'bsfemftefe * *' Hafcefe "Fallti:?# 
im tsfaes- paa% to recogaise .tlais quaXifej- o.f tfa# 
Ctiimt «fa©Bg w^^wk^mrm eo'meims tli# fimetloa 
afe0^3?lilss# aiid not fcix#if» oG^^ux'Trntrnm is fc^as dome-
laneli feo d i^ai- lili© general, €»f a 
»1 sad wiaMpF«»d. pli#a©*a<»s.»* 
Xa feli© ;PF#® .^t &ma^mry .amay .ittaiea%e€ & 
«orMwM® :Of a^»or»'iii£a#:» S«lief |2.SS8) rep-orfe® . 
felam% of 240 kEi©« ap-eeles -©.f" 106 .%##». r®p6rt«d 
i^ eori'Msml. ftiid iis»# Is. .ltel.-^ ®€ States 
Umwrn fe«#a r#|i0rt®d mi Plums .^ Itistgls, ?• 
F.* %&#€&.. Pi#. ?#s-sia. H92S} | oa Pieea gt^ tera  ^
A'blea teaXeamea. Finns #tego'bms .KcDougall CX91E||, -©a Abies 
Xagioeargit.. Piams eontogta. ""P» f* glii-®a 
#^eXM«Bai 1 ^ ani. jTmipeytts- ,moaosp«i^  ^ "by MsDougaXX sal ijaeofes 
(19^7)I on ?loea.4bles and Fiims ntTOhum toy MoArdXe CXtSS)| 
ria3?ytt. at^  .Fipma lay Hlteli#!! #t 
<XS07|.« 0tli©p rmpmrntiMQ ©a, bfti'dwoiCJda aad 
•mQmt 
0m coalfers mr© McllDiisall C1.9i4) (IfES).^ . MeBoiagmlX 
i:.l@btag {1928}, |1927|,# S#sffy (1935) ClSg?!* 
Mye®i^ lxl.i5a# Imwrn hm&m ^sp©rt#<l as oseTjjrriag a *14# 
vitriefey ©oalfsi?.® sad feaj?^e©4s aatelw fe® foirai^ , '©®mtri®s# 
la lasmi CittT) flfS®} aiysoirrlilsa# 
<&bies fla^ma., A» a&rieail^  Plims dansiriora., ?• tlmiabeggil 
•itait: eis a^#e.l#s| is fitttlsdm C1924) sta%®s 
tlaat i^ e#»blsa# occur em Flams 
STly^Bfeglit.* Wmmm «,iA f#«3r ®p#©i®#| ia, 
S®®4«  ^ Mel in CltSS} FiBtt» &,yl-y#yfcyf.e.^  Fo Pioea 
Abi#8« l^ aylx <teeldm>. I^ gfix oe&idmtali#.: Mmli -m  ^ mpmn &a 
Ijeiiig wMl# (iSllJ tlmt .pii»a©-@r 
^Xmktm ©a •v©l##ml.e #©11« t» J'sw all fbi® 
list a©#a B#t fwt&@r %©. #©a©iist:Fmfc# thm mlmomt 
smlwi'sal. ©©eu3?]p#fte# of. ^eopa?liisa#.». e«p®;«isll.y eeaiJtars.# 
ImpoFtaaoe ^co^Thlmmm-
bmlifc M® %•©«» mimmm. to fe© *ide®pi?#a<S:# 
0» soil* it is m#- ral# ratk«r ttrnm,. ©xeeptloa* 
&e©ams» &-t tii© »©33^1 ©#©ii^ r®n©-© In towmmt 
m&lLXm^g &£ ^e-owMsa# ©n tj*®#®., .f #w ©•pp#r%iaEii.tl.e« 
Imve ai»la»ii. .f#i' eomp r^iag, ti?«# %#lmvl©s* wltli s®# wlfe&©afe 
teeii. ®f t&e relatimg, t© 1»-
porfcaa©©. ©f tii# liabi% lias te#©ii twim ©x-* 
p0:ri»ats la af£0i*®sfeaM®», mr fw&m t.o thm 
of' sp®el©#« 
MbXIm. C1917) wms ©me &t tt:rmt %© 4#a«as%i^a%« fAm 
o-f e©»:ifei»s ©a H# fesBSd felmt r#:g®»®r-
afeiojOL &£ plae a»a sprtte# oa -n©«ly -draiiio-ti feags was 
p#iiA©:a% mpim feii©  ^mtn&mmm tmtwfi&mstl&n &£ #p©s*#s ©it 
rlilmal I'tmgl, t# bogs* 
E»ss:i§Xl, {1§S'7| reports© tlimt. plsm In Aa.sti*al.i« waa 
©a% ®st s. bialegieal fa-©%w», Fia# mm€%tnss- Im. 14 aw rnxmrnmrtm®-
dls#©l.or#€ mo&m m£tmT g©»lna%.S,« «ad mmy finally 
S^&ap# &£ s«#41S^@ is w©r# fe© 
p#®,e#sg' BjcorrliS.sa© tfe©. diaeoloFed ®«#tfllags #M. m®%* 
SoiX, £r#» immmg- tim s®#dlings *»s mBmd spread 
Ijke Inoeal.atim tlirougliottfe t&® tesiis aad fcli® s##^1..iag grodii©*-
tloa #,f the Bi«»s©rl@s was 
la lliodesta, AnonyssmB- |i9 31)^  im^Bsry i^sd.. f pl.«pri%~ 
lag# of faii###. wmM &W%mw tT&mtmmmtm 
a3L,#© after wM..eli g.ii#€ gi*t©wfck w«a oto%.a:i»ii l*f «0l3. 
Inooixla'fclon.ji wifcli, •^ ooTffcdsal. f«iig£« 
F:ros Fliillppia# Isiaiiftg Oil-y®!?©® C3.9Sg| 
(m Isia® afetespfe# -fco «x%:®.io,€ t-lh# rang# ©f Finug Inemlayls twmm. 
tib® to tla@ lowiwads* -of tails spe-etss pl®is.1s#<l. 
ia. i03Kl.iGa€ g# r^aii,imfc«€ teals -pXmnt®. gi»#« al^ wiy 
a»d. thsa 
wBwm pl«st#€ !» 3.#wl»<i m&m'rtmm t&©y •g.wmm vigs»«^#«sly» 
I<sfe«i' mQ%t. twmt liigkljsid m&m *is#€ t© in.0©wl.iiafe© tin©. 
-ll-. 
and. tla,is mpm&tmm &t p%nm- lias ^mmm. gr&m. 
murn&mssfVilly Sm ttie iMwZmsAm mwrnr. mitmm m 
Xm fitSS) f siiior# «jf' 
dtfeet se#diBg ti*®# §p#©i#a t« ib.® efr .@.p©radie oe-
1X934) reported fei»% Ijroadcast s©®dlag, sae-©®#«fiil. If 
praetteed loggisg ba% «ra® ma«©e#«#fajl If a 
p&^t&A Qt j©«i'® .#l.ap-s#€ ty®feiF®«» euttlixg s##i.|jag«. 
Sat©& ^ CX93§.,> .g^QmtU mt pirn# n&'oXA 
a®t fee oto.telii#€ ©a. a. piaias soli frcia, vicinity 0f 
eatt#,, Wf©iiliig, *il5ii.#afe iB0cmla.tlon "by a^#«*ls4#»l f 
1193©J f<tr%y-s0Wa. ror-
©strj «a€ wmmemwiM %m. fclis British. 
fc# ©btaiu m %tm 4i»p©.^ fcmaea • .of tel^ . 
sjeotroplile la.abit. M"ter -©©mpiliag retaims @hm' ©•©»» 
olud# ,^ is Bsw #wrwli#:iisliag tli# a.ta?l©tXy 
axperimeiital #f tn# B#d©at«i^ * ©f i^©#t3r®js(M.© 
ImM't -in tre© ©sp^elally lis. -tti® mmm 
f onaafcicgi of 
and Cl#S3|^  .following a %hm Foofe 
0ys%-« of' .fima®!,. %iiat %& 
wmmtm. m&A l,©»g- my& l&mtwmmu. «^eorrlii«al mad moto*-
ims resulted is. ime& ©oafmsi^ a w.ft& 
]p#gard, to sjiii frnrnMM&m 
wafels&r# %|jAt tewg «f!© "imvm m&pm, 
&wm OF polyapufe,, hmm m Xmrg# m%l# 
©jp to fc©^sX .d#ir#l;«>  ^ ,»©1; frsia- tto®-
sdeead mti ©or-feieal gr©«ifa. 
Ccaite&rlly x*o#fc@ #^a©Bteyal» X&elfi w#3ll. ^d©4 
.e&p#.|^ . mr© »a»p©li_,, teaneli filchotera^mslf,, la«w- root'^ trs 
#pt4®.^ iil lajera or aoa© at ali,.. Imir# a© -mm&^&'S' spi*<&w:fcfe .^ 
•«»4- li:sv# -m luom 2?atio of %& t@tal 'I^ ag 
fftota afrt w^&wrlilzml,^ p»#i^ yatel^  
m£ Ijimir rapid rafc«- .grfiwtb# .SlMart ftr# t^ iseally 
»yT©#rri.ii^ al alMio^xjgli e -^iata »y te# 
P»ea4o«»ay^s©n*lil0al oi* 
»©A3?dl.« C 3.932) ®tiaa,l<Ni tlie ©jf tho fmgal 
»aat;3.# ©» 00Btr#ro"as »##€liag» «a4 s3a@w-tf tfest tb# 
.gr#« wry ftlfwILy aulas® i» eost&et »itli tfe®.a©Mv©ly ,gr«iriiig. 
•p«ap4. «f tljj© wvxti%:,. w^s ia eeoai^ ipafei 
gr^ ptly* In m®.sfe esa«s fcb# ,^ e©Xlum ftrmt msmmXop^ tUm 
.foot mtA t;l»m baclcsa  ^ at- t'li® rati® •&£ B to S- ss* 
a w»«te» liyeerrl-iisa® @f n&imai- ®ta# ia- tw© aoatlim  ^
;vlcArdl# sis» &%m..tmm tiMt ^h.m rat# of wm&t eloii^ atiaa 
i4©ei*®a®04 up&n tGrmAtiom of * rad i^aeafearj li^ liaX isamt®!-.* 
Mm%Qh. fltW] vlQQvommXw .dl»®«ist.s tM.p rtmrn mmA &Um^m 
fciiat a^e©"r3? i^il.sm# stlwalmt® yoofe g.^ owlOi. ts lii^ r®a»«€ 
«lis0f»b:isg &!?««• 
Ace-ordlfig 1193.4} aa# ClSgf J 
yb.is» »# ^a»al... s©*#6»l im «».€ 
reaeli tlielr g3rea%®a% ##TOl0pa@nt is late stjMS-r a»€ «»ly 
mutwmrn M#lta {1925) stafc®s that feii# vl.-rtsl#»e-# mf thm 
fm^nm and ro#% d#.t#i»sJto8s tlx# wlii.eli. 
*lil d^TOlopi if fell# 1# #f ®a.€ %im twe^nm-
sfes^ag. m wMi© If %b# tm 
*#ak :sa  ^ .till® mtr^mg, fttt® root ©•#11.® r^^ sasaljiy 4i.g®«% tfe# 
iiim€.liig .and lie safe foM*. itelim suggest# 
fcli».fc JTimrl most im «e.£.d .a®dla 
wimx''m tii#r« is  ^ si -.©apltml ai^  a# 
femi©. .5®#-®M®»«sitlOK pr^ s^uets* B# Wim.% phm-mph&tldmm 
lay y-osfes greatly «fei»almfe#tf. tli«, mt o-f 
ftiagi# C1..906) x'mpQW^ -^
%l©a. iLSg©elmte®d ®itfc. l«i% 
&© r«l»%i.«sfc|.p t#' g« t^i»ay#a 
fl^ il.l®, Snjsisf' m€ WmMm CIS'MI steat#.,.. *Fmg»s miA 
wlit.i'# Siey #« itii€ Sj^ r#a#« fcli«:l3?' »ate«%asie# 
m% til® tep«iMss of wlim-^ «w3r a»fc©rlal tliey' f iB4.| 
mmmm t« it t}m% mwm 
&m Mmy tmya'ti#* fti# 
tlier# i:» a balsas# •tej@tw®®s -sad. tti® <l©r«Bs#|.. 
tli®» «-©a# sS^mMmsm^ -mm hQth. 8id««,. imM €«&g# oa 
isi^3e® alsft# Tiim "bf" of #©«|5»tt.'teoF 
p«.i'laa«P'S m&ammt o»% Ifc# «.»€ «be »®% i*©si33t% !» itlif 
emm saf m aet benerit and to a «i#yta,iii.-
tlia mtUmwf mijintsdsfe • i»j fe# a««l« mq t^ afe, ..ia |j©t% 
til# henmtit ©mtw l^glis  ^ tlie dasftg#, mA mmrn m tmm -
<3€im*ld#ral>l,« wsrk Mas %««»i 4mm ^mt&rtalim tti© 
#f. fungi iayeorrliisft# wttb lilgiiei? plamta* lu^sts-fclge** 
©.f t&i#, typ# f »i:i Wmmm •^t&mn.mmt Ci| ©ultar^  
iaoeulatlons  ^ (2) traeing ftmg&i is^celliai, f.i*©s .i#©a%ifis'bl,« 
fraifetiig -oi^  .fS) «f 
eertaia M.giiei' plants and tlifi fttngotis spoFophores eoasfcaafely 
.fpBoid in ansooiatlon with .ptmmMMm A llet ©JP 
g.e»e:rs #f forming j^ corrMsa© la . eiilfcuf#. 
irarlems 1-s .giwn Siis iisfe li&a %«#a 
.fi»« mi>#fera©:fe» ia C3.937) Literatur# of 
MyoovsAilzmm' mn& inolude® th# Ibllotving gen r^mi Boletus -
Boletlams - 2 gp«#i©s, Qlitoey'b# « S 
Cortiimi^ ltts - 5 ©p@oi©s, toenita •» 
g BiMHsIa.. ' 0pm&tmm.g * .1 
SolQrodeggm -*1 epeeies, CgllYbia - sp^olesj^  greelim 
Timos*i©0 . oQimmmdM  ^ thi& OToatgopiilc Imblfc 
®i#r« .!»# "b#©%- ma.^  still la, Mmh mvmr fcfe# 
aafcisrs fmmti-ou of Som® attifcli©3ps tkm 
15-
t© b# #»# &-t atrlefc pai*a#ifet»i 0m 
tl» pmt &£: tu& otliera %®li®v© it to oii© of 
uiitaallsa, wlill# sfeiil ©titers tap#®' r@ot; 
P«ragifeie on fell# fungus». 
• wtmm t&mt fcli# fimgus ts paip«®tfc£iS sa fsals iiS 
a.pp«r«atjl.:r 'ti#M bj -awBy patlioloslsfcs* wlmw i® »!«© set 
foiptli -fey SfcBei^ aU.. Clil4| wiis 
ftmgl &r.0- »®al: parasites ©f so -mla®- to ta?®®.# fey ffcsmi 
C:iftS*7) wfas## 'wiMwm elo##ly par«13,»t tti@s» ©f 
BiiiPgss Cits#! toy ansa Fremout (195SJ.* 
^hmrm h.m. %mmL «, wM#spr0ad tket; •a^^WFlaisfi.l^  
fungi lai^ l; .fix imfc# ft avalialsl© 
to fei*##.®#., Eapi®:3? iX&2M% hM» eivea sos# to tMs 
•rlew* !fb® fe-es% mwMm^m &£ .fi»fei«:ii. '&y fiaagt ts 
offerftt it90fl mho thcjuglit tltst «##«!«# .of 
fl^ ## Btt^ oges#. WmXiM C1®S#| *w tXm& 
•i^ vidcia®# .Qt M 
M#1.:ia <XttS) ims. fe@»a th® pr#p#a»m.fe ©£ Si# 
tim-t tr##a %© utlltm# ©rg«i& 
aoid,: »•§« Mtiaas ®Qiia ,p«0»®»slag no Is ®©i.l..B-, 
tie0®s*diiig t© til# f /M mtlo %m lil^  aM as is 
feliirotigli aiMffioaifi&atioa fungi tfc 1® £a»0dila.t«lf'' 
ali#0-rfe«€ 151' rnmmm mmm» ot^ gaaisffla.*. 'fhB.m- Is iafc«iis« 0smp@» 
feitlom -aaoi-ag a.0il. argaalims sad ia t ils 
e«p0t4tlam. amt#%i?©pfal.e fe## mwm a% & €igtia©  ^dls* 
advaiitag#* VnAeT eenclllfeliimp S®iim tlimt ©Fga»l# 
nitrogen tef tli©- fc© tli® tr]r®# ro©t mii€ tliat 
fell# jfnagms BTm&tlj by pli#g5iiatld©« to|F 
tmm -rtrntm* Mm tiiat mwm m 
adapfeaiioa tr©® wmm^m tm sit:«» 1#» ia. 
ruFMS ©;f ©.f ayeerrMla.&e £» ®iaa..l soils 
is -attrilJiited t# nXtro^em i» lsiid«# 
aolls# 
•Stalil |i0©€5-) *as ©a# -#f the flret to qI>s®i»¥# tfast 
Fiaitm# wmm 3»»t- abrndaiit lii p®er te imti'iaafcs aad tbafe 
often ©oils 1j1  ^ i» nitrogeia hut poor ta nuti'ieats *«3?# 
otseupi©  ^ l>y feFee® *itli mmy layooj?? !^®^©:# Ifc was Stali3. »s 
ft#* tliat, b@©aas© &i r#stri:©.t.©€ .ro#% '»%m 
tjcaaspiratios, %wmmm ®#r# imabl© to wttM tli# ia©ir« 
•ofrielent f'lisgi f« tlsats p©s.,s«S:SiMg «yea i^*3?fctma© 
could, eomp t^# amii ms m w»@ afel# sar^ ir# « iiatFl#at 
aolls* flies# wS#ws ai*© t© q£ M#11S 
C1925), mm.A 03al:i iii that M#lin laid oa tli# 
&f sttrogsa whll# StaM.. t^ t lasy tmferiast 
ImsM-mg to growtli wsttM "&#• hy .^ eorrhlsae 
to %M& tap®®#. In t# »Miii it .»k#ald b@ 
p©imfe«A oat timt im v&m im record wlWi St'alii«'s 
faring oxily ta tliat iie believed •altr0g#a t# b® tl« lisltiag 
faster iii m©.st #:0iis.» 
R®0©ia%ly Hatcia C19S7> h-um ©xt©nd#d tM® simei'itl, 
of St^ l* A-©e©i*diag to llatoli rimgl. 
©i#n% im. iiy@ ,^ii4riag mt ttm ¥asfc miners of 
fclieii? asi^ fae '^-wim© i?&.tio«,jjf tliefr 
iatlaftt# contacts wifeli «iii#f»ml- 'bm&tng so:!! colloida, 
sad 0ttier hmmm sim©to®:sg# *%a-ria.lSj^  aud b#©am.«# mt %hmS,^ 
ability" to ddcompos# «ii.d utilise thm inorgsnie m&tmTtmXm 
lsi*aa» B»s@ ^ ^mm %-& Im 
moxls wfiGTe. tr&mm laciilsg ##risli tr^ starmttom* 
fmgw t# Ilittielt,., ec>»i«ati?at#s s-altii 
m& .thrnt tlmjcm %m m. ntmmp gradient b@tw##a fwsgmB «3sJ: sell,. aa4 
imiQum Ss f^iasirrlxlma# osmotie diffiasisa Im tl» 
t© %&© vft»e-^ *s' tla« ra®fca*. Im tto.# w©3?€s 
S&teli.,, *Myeoti?opliy ..ts. repi^ esmts m sfiubiotlc Mod# of 
aafc i^ttoa im «feie,li -^ wsatag:®# of tlm- few® ^ latiss't i.iod#® 
©£ IXa m ar® pooled wltli mutual, "benefit* Si® plast 
ftogi .for wa;i;@i» 
imtFients CHitclisll, 1037) and cap"bolijarat#-.# C^&lolc ,^ 
1923| Francke.,. 1054)., 'fite fnag^ms jpa:ra»-ifeig## rcN t^s 
cbiefly (probablyI -f©r compXmx. mateylals .Itt tli# sattii*# et 
gj»owfch promoting sul?afeaiise« CMelin, 1925) aa«i «a4@i» 
«ma© Gondtt.±mn&, ,.fcj.i» i^rtpl© In 
partners Adages iiiKioubt^ dllj result bmt. mguallj tfe® adf»a:t«.g«# 
mt r#«i-i^ .i*®eal para#l%.i« fsf d»ag#.s.# la j^y@ ,., 
•mb®©ne# a.f eltlaer p«»ta#r tli© ofeljes? 3.® i»e«Fabl.« of 
.la .all %mt tti# so»t f:«*©:^ .atJl© mA «t.rt.ifle.i«llj 
©ikflroimexits wliere Wm proble® #f life is mm^w^mrnXw 
Bwegmm Clt36) s#t. £m%% th@ *i#w tbat -fungi 
&wm wemlsly pax»asitic on tree hut -dlff ei? is, a# lapopfcsiit-
ll®tail firos ©tker soil Tuiigi, .alalac i». tti© breakdeisi-of 
^x'S .^le sad hy .p l^easiBg imtrleate sni, otls r^ siifesfcmtt.#® 
tmy hm-'hmnmti.clml tm iiig1l3.#r plmfcs* 
4 Iff (19S#| «iia  ^
lcja@s (1940), Is. f^ut la s©»B staj^s &$" %h0 S®#omposItloa Qt 
wliich u&j 1» tcj^ i0 fee higher plants. «id .®wa. to i^ corrhisal 
r^ ^gl* %la#»© eosiltions ^artlisr d©C0iap03itl0n Is 
retarded and tree grwMi is -s'y slew* Bi©- addition mt otii©s» 
eoE^oste t© t!i©s© solia alters tk® •af -€#eoi^ posiilon 
--md l^ariags eoiKlitidm© wMoli tli# 
amtBvlsi^B m^«. iljcorrMsa#. mr# feken afel© to foim 
&a4 almiAtaa#0msly tree $.m 
fli# iiimorj til it s^corrhlz&l siesta 
witia. ©«i»fe©feydr»t® ittat#i»i«l is not aew  ^ It Is gi-vm., 
hj Falcjk fl023) mad. Wwmmke |1934)* Salim il92Bl states 
tii® 0,-ipga.al# stti-osea pr#.supp0.s-es aix afesffrpticm 
Of osrbo»» Xomg <1940) hmllmwrna tliafc j^ &orrMsa© supply 
ts*®#3 an. essentlt.! part of ttielr supply* 
S# tk# «0.e«l:#rAt#€ grcwtii. ©f pi»# foll^ wlmg 
f«rtllii&atlom t«s tfee fa#t tlat gi^eate? piiosphati## 
s#»etl#a fef tli« r©©ts s;tij®ilst®d. t^ « gi*awth, ©f sf^ oi'ylii-mal. 
fijagi ma-ii »4« posall>l# t^ i© trsamfw •&{ « larger .earte i^fefdmt# 
sapply t0 til# 
Msr©- ii«# tmmm. to growfcii 
pp-saofcliig sabstaiioes as ft ©xplaaatioa .©f the uttmsa -^
latisa fey 13.9^^1 states 
tr## F««%s »# stimulated before setmrnl lamsion, fey tla« 
fmg0a». :^ «-eliiim-, frak«s- p3Lae#..« Sli# 1»#Xiawd thi# stlaniliis 
fco b# 4iie tc a gttl>st&ne# seoroted by fimgl .adjaaeiit t© rcsot®# 
llSSf ) ^ r##©ats tliat soi^  ^f tuagrnl 
gi»®«tly #ljSmilat0d tii© gi^ owtb. soia6 s#@dl.iag.%. 
wMl©. ©felier ©xtraefes w®«'© 
Feyfelligar e3:geyim®iits wltli ooiilfei*3 
Kessoll aiiS Stoat® |3t93S) 
cuj?r#at ixk %h&t pli&es ps-mtmw pmmw #©ils, 
dies mad la pwmvloum- .papers &»€ -.repsFfe® feli» 
b.aw poiiife®€ tli© #©ubtrul 0m-^xmw^ ®xp#ad.lag 
tm^m IB ®#»&.ias fc# gro* ,s@f #a ©xtri«©Ij 
msSX-mrn. It Is €«:®ir@d to agate -wlewifoiiit:** 
Culture » .^iperia«ft:to. • 
*lls©to©:1.i CltS4,) -^mw wliit# «aA Seotis plaas In s.m€ 
afc imrjiag .sil5f^ g#a l®ir©X® «a€ at; feiaM aad TtAl 
snallgiifc.. iri#M et li&lf wmM #q.sa3.. fcliat im f'wil, 
«p- fco ft mXtwm^mm. SO W^»0 te@yos^, wM-eli^ 
th© 1*112.1 llgjit was ^yoator*. Bofeli sp«ai«a r®m«s^4 
aaxi«3m ilaf^ Xopiaent at SOO p|»a« B at iali peiut fcii« 
trafcioa.of isi tli.> seedlings was 3»2 eonfc oC 4x'^  
aitrost."^ coatt^r L &£ the |>laiit tmer^a^od acsi-
stems%3..y -witli ia;ci*©«siils oiC-teimaX M%xpp%.jm Bm^QXSMg - • 
tlccr^ased wliea, Wm eoacenti-'afcioa of attr-agan ia fcii# eiiltiari© 
#xe»«4d# SQQ .p^« ,#aiemla%«4 
til® Mlfcscliopllol'i foi-'aula ©orrospoacied to scfcml ^ieMs ap to 
450 p^Mm It- was fsiittfl -amt sjmptoms of F^,, IC^^. Ca. <i©fieiemsl## 
•cottM b# wereori© fey of #lei^ata la cgiic©ii^-
SO ppM» 
..  ^ teter Kltciiell, (1939) iii'r#sfcigsfe#€ fclie growtaa a-at'sttferl*-
fci^ M of aortherrj wfiX^m pin© is ©and in relation, fe© 
Bltrog«i% pli6»pl»i'wa# potm:mm±%m  ^ ®iwi EiaeM el€ia®afc 
wfts ^op^miely ana tfea eo«c#afcrmtioii af thm ©iemsnfe® 
Sti fclaa Imfii# ttsX»lil<»as i» pps*. vmi^ m-% 'if - ^00,P -
E  ^ S19, 0m - 2-^ 4 .^ Jig, 176, .F@ - 24X«. 
w&s O 8St ppa. mid a«i®sm •.ji#M was ofe'talae<S 
&% 3QO- p^ .»> St wMeii point mitrogea M tii# -plsit was 
l>©r eeiat oi*. ur/ Xl^ Xd w&e pfapeFfciomsl to external 
to 200 S«'a41.iBs fl©lda 
w#F© sl.»©s.fe proportional to ©m©«iifc3?afcl0a up t# 
200: Tm. yi@M sfc 500 - SSd 
©®.i^ ##i;»oad#d mi internal soi^ entratiom of 0»Sf p#3? eftst* 
ilitii pmtmmlmk  ^ ji#M« w®» ,a.l®©s% p»p©s»tt#3ml feo sapply up 
tss 1©0 Maximian yloM occorr^d 150 W^* S# 
fc© an Imtermml eoae©»fcrati0m ef fter esate w®..l^ t» S#sd-» 
lt:sg, fieMs la Tmmpemm t® ©.&3.«i«a wsr® p.i?j©pert;ioiimi. ,• 
to ©oae^ntrstlea mp to 100 p-po* liajclmua yield occurre i^ at ftfe-Qiit 
200 ppm g^ t& .mx Iste^ n^al of 0«.35 
•pef e@nt • 
.&l<S l^ieli-Blal§«t. (1930) stai^ i#d d«-r«l©^p»tifc of C&rai^ an 
pin® Im oultm''«s tii .r#lati@a, to- -udditloss of ma»io»l^  
altrat#* la 1928 "fe«st grewtfe mm ©"btalned wifclt m 6 .gr«. «ppll" 
©ftfciciB pcv gftllon crock, «ltl»Di*ji3>i. tbls &ppll«smtioii was 
&i£ly sliglitly tl'mn a 1*5 siid s a»0 grsm appllcaticm# 
la. ISEt- l>#st gFWtii otetaSa## wltli a 5-#:0 g3?«m applicfitloa* 
&&».rtieF .Pouarg# (1938) tmmA .tlaat Seots pla# s«#<lling# 
mstrm 1 -msA f tMmx K sii4 ^at wms a mttcii, 
•l&«t;t©-F q£ aiti*og©a .attrnt#.*. 
®i#. #«l'li3.1,#pey m-faptmm m£ pia# wmrm. sfcaai«€ 
aafi described by Pessia (las'?).* B»s.fc g3*i0fWfcli. mm& obtain®  ^
%M soliifrlmis poorest gFC)i.tl^  In 
solutiims without ii^ fi.» Josseii C3.8SS.«| ioms  ^ Qiat sprs## 
mm& f iy seedlings asfi-erlng f^ om ^atasli ciftflcieacy imd glio-i?t 
nmedtrnm wMcli skewed ferowm qw x»«.d<llsli dificol0.Fa.tl0a* 
Saga#-sli» dei"lcl0a©y slio^ved up as- a jmXX,0v ana tiiea refiiiisM. 
%.r«wiS: dlseQl©.rati-oa' pf n@#:dl.#. .tip#.* 
OrowfcJa, ©f poa€®3?©«,a pluft .in r@lsti»s- to- |>i3 was afe«,dl«d 
Howell "{1952) • ,la. l^AltttF® .©-olmtloas ##©dli3a„® g.r®-w we-i;^  
m% pS TmQ -mT' «b€ «% ;^ H 2*7« Isst grewtli w&a 
©fe^ainad pM 4.0. 01mi®»» (1941) found #&oi'tl#&l" 
pl» , . w«t3ld S0t m ^2 csf S l^ &r mor#* teta 
frH wa« li©M ©distant at 4*St. soluble wrled,. fli# 
€i#A &fe .#®m«afersM«a# SO© PP** »• 
Imrstgy aa4 ..l'l,#M »i:gg.ftoggfeg 
W1M« |;1958| atat®s tliat feli# rctl# &i mXtrOi^mn te 
pb©i»ms %-o pefeagli te s©!!® ^Qw:iag J&ek, m.t3& 
pimmm -&m  ^ sprm  ^ Is l«2'-5« H« mslag ttiis 
j»s%to as & giti€© Is f^ t^tli^ iag 
(1959) towa.^  f:ro©. Sembauer feasts wlttt l#»h,..#. pl»# mmd. spr^ e# 
feller# w«,» a. Jt«j*tilifcy of tte soil 
msMwimnt &f Bm&dllng&^ 
WrnvtlXlmw st«dl#« to#«a a&dii ia. e#sa#©ti«» wltla 
iwsi^  swsarles*- A% SaTOiime,; WaM-anberg 11930) 
tls&t s^plieatioit^  of 4ri«d %!«»#.€ #ad. to©mMi@al. d;e-©.r#A.s#<l 
Mm© ia®«5®8«&ry tm- .pw&&mBm mitmtol^ plaatjiig ©tock hj mm 
jrn&m: Ifclntyr# an  ^ I^te (1930) fpiiad Msrws '^ sprue#, 
.f;.tii®,. «»€ vlxit# pla© «t,limiilm%#a- toy ir«s'i®'tts #©siil.#%© f#i»tillsws.* 
{19S8) foima th&t m sli^t rmBp&amm p^mm 
f#ll«»®€ Wild# citw) lit:ui€ 
t'ortlXlzmr pi»«!pmr#€ tr#a.%lBg duff f"F€»t forest# wllifa 
Mllm«f e;«lutioas was wmwj s.%S»il«%iiig to ©siedliiiag#*. 
tiM i.» Bot iaisat .fer g:p©if%li,» 
H0W#"yeF, Kemee |1959a) fouiM, Istmt sprtie© pXimtatlem® 
©a m #©11. wmm By lia©* I.ia# 
feM© a t^alf# of mmA B aad d#e.r#as#d of SI amd Ma* 
Fsferieitts _C1939) jr#m4 fclmfe ©a .« #x :^r#a®ly 2.1«r 
roll im. QmwmBMj appll-iimfelm sjf lla® ©wr an ]p#ri0d 
1iicf@&S#€ ©f ®prme» and a t^; ®.f f-lii#*. l«#e 
s«<l (1038) i»«p®2't tb&fe tli« »l©fc»#«s ©.r a soil 
la til# "bssia 1® <ia® t« mlsmiaiim tmleiljy* Tomg. 
C19SS) fsmd it »e©ssa.ry t# meMSfy mmLm aiars#2»f #ali« .|4a 
QMBmnBlmA to ofe^feii», g:©©d ©f pta## At pH 
%# S*© s i^#€liags ¥#«•«# ©h.3.#r^%i# sni. €i«€* 
.:d%iMiil.ats€« pla# ifc©.eciy€t.ag t© • 
fi@ f©«s«3 thm% ©a two aeld s©lls roelc fhsspfeafc© *»,# as 
©ieafc -m ait^ #rpli©s^Mat# ©r al&g te iae:3?®aslag gF©wtsh 
«i€ pixo.apli#i?as ikbgoFptt^ sa -©.f pliogpfemt# was not 
tis &-Qmhtnm%tm& w$Mk li*!« K#s#«ll. Sto&fe© 
iXW&) and P#i»a?f {1©S9| f©ts»d tkat ©a. tli© ©omstal soils -ot 
piimt pln&eteg r@-©p©ad®d smi^ ksdly t© saperpli^ splmt#. 
found ttiat 3.1m# wouM lai$.i*§&a# r^owfck Qt 
pla# s®#filiags. ir pli0spls0^ms was On mmm mML soil®. 
|1938e) jTeaii, tfeat gfwtli c>e5ii«oi^ r®€ is, 
ft© t»sis sHag, mmpmwpUmWw t^m iJf p-etasmiim liad 
to#«a 
M®i«r (1957) f stasd Ijfciafe fcb# .wmm du® 
t© OmtlGlBncjrn ' Smmam (X9ZBt) fornxd tl»fc 
S#ofc.eli pSam- s©©dXlass aeM soils im suffered 
Xaek mt p#teeslim amsnesitm gat tw&m tli# Qit 
m##SBiw i.ia f^citl#s G t^ iiaagsae©#* AoeoMlBg to S@i»e. 
plnm «F# .mai. #s« ms# of pctasii 
ratl3.«r ttxen the olilorid#. Beeke^allll®g#a {1940) 1±Lat 
•^#i.l.-ew tip 4t»©as® of pimm trees was m «^ptoa oJP 
mxid could hm -e®3?r©et©il tof mppl;l#s.tioB:s -Bt »al..^ bat© 
ol" p0#&#fc-ffiaipi©sla« 
im tlmt «©iii^ ers «-0m#ti3ttes gttff0r f:r©M. 
•sitter ei«»at <i©fiei«tieles» C19S8) foand t&«t j^ ojiag: 
g4a»0 i»-S* Aamtyalls hm s%t»ila%#d lay-sltie emits* 
M&&mmm. (195BI tmmA^ tl*t Piams ptoastey s'lrff^ ritig .r^ 0» & 
Sl.sorit©3r &8 *as »tis«lat«d bj i»|#etjl©iis  ^ of 
sulphate, siilpbftt®, #.©teal% g©dli»  ^
acilyto€at©, wmSM. aa4 l^n© J"©®!©® (ltS8| stmt®® 
ttefc of ti?a#s suffering fi»0» sspeSS®' fusion 'l&mmw 
Sm "t-mamm thmi toaltl^  l#®*#®,: hut- timt mpplin&tlomm &t 
aiw3.-.gia© #M not aorr&ct the »alady# Stosti# 
C19381 fc t^ roTOttiag of" pin® b®«41®s @©iiM 1>® 
witti a 1#BS -adlati^ ia of gl-Bse stilplte.t# ms#d a® a ©pimy# 
and df 
.i:,S.ttl« Ma# %#«». Som# aa ts# sm:%i»ifei©©. bai» i^w©0€ 
f0F«gfe all til# w&rk with lmT^w0Q4.m 
•mtmrnwrnm. ft»mlt Si© d» tmTtlllzmtlmk 
fruit ti*®## i.s pmrfcletilarli^  t*©!©* 1# 
110% la%®i3d®d t« be mcmpr0iimmm±'vm^^ feat mtbep fc# "fe# iadleafclire 
@f tl» £m&^mwm iap©i»teaB% la amtyitl©a» 
Hi® status of tmi%t tr©« imtr-ifclon i?©latioa 
to f#F#»try liaa fe##a px»#:8«%#4 fef ffo,tt]pl»y 
©aft liowist-t 11^41} U&mi 3?®¥i®*«€ tli# ®»fe«iiaiw on 
©rchaM f^ i»%£ligatloiiw 
nitrogen satrition of »«# d##Mu©as forest 
tialfcad Stat#® lia® b©#s. Sa-te-sfclgated hf 
«ai e^aiiA3L.®3? CliSt),# fertilisers w»r«» ad<l#d !;«> 
ptrntrn a»a r.fls i^»l st'#a l#«f grciwtli^ _ 
aitrog#ia eoatejat m£ l-esT®# -fiub#» i^i®atly 
«ad '^©.stO.ts wer# betwass soil, 
mmppl^g, #l©ia©afc im «€' 
^adi«l iaer^ aent* Sili:FOg#» eoat«»ts of l»«v#:S. xm&mr hmmt 
growttei eoadlfcleBs farled frim abo i^t^  Mm'O to S»,?a per E®€, 
whlfc# .^. «i€ mh.mmtwa.% #«ik8  ^ m» l^# ®d mmdm s^-mA ^rm^h. 
:sm mitrogam ^©fieieiit sollsi m^gmx* ptgaafc 
©I'f' I?la<sk 0m mp'SBmrmA td iati©i*M#€iat# im Iti© »«!# 
toleafaae i^ *lill@ y©ll» *ialt@ 
•asli, and 'b^sswoa^S poor sp« t^o. mm aifei*©g©m mt^ t'tm 
aBd appro&sli®€ swxiwm gjrowtli ©alj afe Ui,^ a.#wi# ©Jf 
teit;i»«(®ea of tla® Might #eg»«»; #©,i»faCta-» 
tloa t^w#«a. s#i'l mifts'&ijast &upplj sui foXtmgm M.t^g»n eomtemt, 
supplylag -ef fifty d$.ttmwm&b ,»!%#«. in, &%m nm t^lmmmtm. 
•te %-M.a tessl# :2© per g#s% of. Qie w«,r# iilfci*0s#ii 
iS .p@r «mfc wer# elasslf lail «#. fulF to g#€wij| ea^S only 3,S 
par *#» 
fb» irf."t.r©g«a., pli»#pksya»:, mm^ satrltion ©C 
*ppl» m -^ pe:mh %:r## b|f' 
Ba%.J» assfl |:it3f|. m4 Ciillinaa et- al* C.i-tSS|.y. 
tlwly# Wttfe. To:i^k. &pplm-» wmm 
«t:©ps tip to 16# mm-wmm #fe«pa ttp-
t« 1V7 ppis», ai:aS pli©spli©i*as up fS: iim» *itli nitrogen 
oeemprufi m:% #0 and 168 pf®*,. wtfcti l^uas^ sra# afc 
asd witM K ®.t 11? ,pptt» although ;p#tas8l«ia 
mrr^ t gr»tla a# mm^ m 
s#@dllags w@2'-® iiw®®tigat#d on m mim&wMk^ 
SaMO  ^ hmm% was obtaiiiea *%• 6Q t# .120 ifm* -Aft. i# »i®*. » 
tii» «s©..:at®afe.s tiie mmp^t ,islt2*i>s«» E..«.S# 
.8.i-». S.*S2' p# r^ ©#nt, aa.# p-tesphoru® 0»SIS "Si^  
*,!.« m®. 1^. w,® .St. %& fFSe» atf 
.le^«l til### witM tu fell# %mm^mm 5-«.S- .p» M, 0»67 p«t» - e#»% 
E,;. and- pm:W- ©<ia% F.«. Witfc fsfetospteras it« 'feswt 
^owfeh mmm, ototaiQ©4 at- 4 FP®w ?•« At tfeis $^mph.oTnm 
tt© eoiJ.talii#€ 2<r55 ye.r -©©at Ei, 2»49 p#r «®ati E|f, 
#».J.,S p#r #©»i. W* M»M» '«»€ S®#€ rounfi- tfe# iiaipstlfey  ^
@f a igis mbsortmti tej el'fcptts as,€ w«lsm% sia#dXlag0'' 
tipa©; tfct# Mufi# «ii. 0-©me#iit«tl0tts ®tla#r i«ai 5(i?#s#»fe 
In fc&# aolution#. 
i^'iciency sfmp%-osa of a^pi® %.r«©» &«# "b^sa atiMtM 
ia #«i€ ie-wlfc»©s .«J4 .r«p©i*t#€ ©a  ^Blatetn, ax  ^
.(1937)#- g®ii#y®3. ai%ri>g#m aatjpl%io» of plmntm 
lias- to©«a Ibf Hii^ tiaual# {X937)* Cmiri^ sOK 
C10341 tli« aasimilati©!! #f altr&fc® and 
isl%i?eg©a Is. #and cuXtas*®:®* '®i®y fmw  ^ thmt 
#ltis. aasonlus mg & #f aiti»og«» %#.#i. growtii ««.# .afet«lu#A 
mt pH. ©.#d «ii-i.X« wi..feh. as a 
growth m» ofefcaSs©  ^ at; pH 4#0« fiMJes# Slmk# (1932) 
siiaiXis  ^ fJjiaiags# |.X®i4| f^ issS 
:®ppX» Ml# %Q«tOi pl&M-m gci©d gro*l«te. .eouM 'hm- ©%fc«.ia#€ wite 
.X©w@r ©©iwmtratioiis mt t&m». «f W^p. sad Wmt #©0ia m-m 
»iMsni& »as alJsoyb#€ Ifc wms «».#S.mlX«t»# fey 
roots whmwm&B nltw&tm te*€ t# "fe# t±rmt PXasts sil^ 
isFg# ®.s.slaSX«.ti@€ i.im »r© 
wadHy th«n NOg. Hlghtlnsal* (1934) tmm& that with 
sttX.t»s# mt. pS ti.# .:3p©#% .g«3pf a.©@ i»2, 
Deliclous apple #©0dXl»sg cbang^d. %« pH 4*6»: 
mth OaHOg eultui.e« Kt pH 4.5 the »H at «i# root siipJ-aea tma 
«S8-
looa ©la.aag«d to- fltSSl- Toinid fcbat »ltrog®m 
liicy0-aa©€ til# relatlv# %ep wfiiglit thm^ rmlmtl-w® 
pcsolj mmlght of mm.4 mwm^m.% »psei#si ©f ©Qalf«rs,i 
fl«ats apf-areotl-y r#tiali*# onlj .@«li %asafeitles ot pho#--
pimtUM fwt g©-0d .gF0-wtia». Sam# <3.#S-6) fcwmd tlmfe 
eitrm» gj»©«ii la ,tho--splioFma dsCieiesfe mma& eml.%w.f*#g e©Bt«.i»®d 
0»0S t« Qm&f pmr ##»%. f« H# f&Hiid timt eitrus plants ©omliA 
absorb ©noush. plio#i»li©'fiat Is 0.®ir@ral <la^s *li@a th© s .^ppif was 
to- last %li#« &vmT a ps-rlsd. ©f tlm®# ^sl»g.. wlieat 
pimts l^ «aka.-# iW29} fo-mid tliat grswtli was pwepmtlomml to 
pho»pli©riis sapplj- b©ftw#@a, 0.».1. anJ l.-»Q ppa« .Farkw USS?) 
fsusi tiiat wsxiwMia of eom asd i» rnotutKm 
©alfcyir®®- wan At-aln-e-d mt 0-*6, pi4®splior»s aad that hmtm-mmn 
0«05 .p^ m# absoapfltlsa bf ttm plamfe 
wm p-mpm%i.0mm3L t© sappiy*. CitSS). £^\m& tliat th© 
0oii©@iifermti«a ©f p^«pli©^as £B att-ttlag® md ©at pflaat® 
*«# pw^p&T%lQmLX fc© smpply» f oMMSs  ^ •^Fiej'p® 
C19SS) %-liafe 'thm ©©as«atrati©is. Qt phmmpM&smm im 
m&p of ©om w-m t-e asd &uth.&vm pi*®» 
pos.«ia tli«% tills tmmt fe# tt8#A ft® & hmlm for «, willed of 
##fei.aa.fci»g pli0#plimt# mtallAMMt-T to #0ils.» 
mi^  Fi«n (1935) foisana th&% red »^1.©. I»d a gr»m%#r 
p®w#i* fw 'UliQS^o-rss fciias, did i*#a ,&afe» f!h#y alss t^ mxA tlm.% 
tim pli#splioria.B «-oiste«ifc mt tim lea-r#® ' iaereassd incr#a.siiig 
pbiospliQ^ms f .Tttimsr f-o-aad timt .imr#as®€ 
. root .growtb. «hi1,e Souses (X9'50) 
f Qwsd tliafe fcb® ti© a'b»©3?b phospl om® i»©F#aB®A wiSi 
isi:er#a-s.tag •mimm sf ayst#M*= A% wmvf %om phmmpb&tm. #0»« 
©#nfcs*atl0n.s S@aier f®imA tlm% plant© wttii large ro©% 
©7®t#as m&u%A plmitm wifeli. 
siaall 0y®%#ag go aid 110%*. 
d«.fi®£«ii©.lss oft#s c»«6:ttp in twrnrnm :^ 
#spi»elall.-y on aimc-y moils* S««tt tliat p#acli 
gi'owo In a s.&adliill. mrmm &£ 
pQtmml^m <l#fiei^ aay end ©ii1ss«<|iisa-biy to 
y0fc«la I» QM.9 ©©.wMy C1936) mt&tmm 
leaf #e0" l^iifig ' aaA stuustia r^eliaFds w®r# d i^a# to p&tmBmtim. 
defi0i#ixey matf, s©il was pwmmmnt 
w&m ret:«f4«4 bj ^Tli.g0n a»d Blmlte© 
|l^ v^ 7| iawstiimtM: ©sl©i:i»»po%a#»lw ixelaae# witla.; i?#:ap0#% %q 
pmmMU ty@# fomS tliafe lii^ li' '©©»c»a%ra.t.i<»as OJf 
S 4#pF©«s#4 tti® «.lss©FplJloii »f' 0iL mt*l. $m4, F#««.l.t©€ Sm 
*&li© ©0»«#iri.tratl#»« ©f 
dspi»#a#®d fcli# «.6soi*ption K iya.€ F#»VLl,t#d la 
sliim il®f mjmptGmmrn. 
m%-mT Rttttfiest e3.#»ijlis limw "&##n reported ms .d«ri©i®at 
fos*- tr## g^wtla-* 0«Eap amS <1959| .4i.»©us@ ftnl 
d»f i«l®aey spap%«a« eS S-tt, •F@j, .am€ 
a« met %\-Ltb. i» FioJpMA ©Fslim^©» "WmXlmm (1939J 
d-ylit®®## of magassitm deJPleieaej In mpplm trmmm la tih.® 
of could to# d»t@©fe«d  ^^wialyaing 
3.#sv#s m" mM e^Frected 1?  ^ applflsg €lff#r#,nfe 
sl«a f ©^a?%il.lsi©rs* 
mSMm^ #l»ient d®f lei#»e.l#s mi»« asa^clafced witli 
alkalia# s.olla* ll(e0#o»'s# iWW} trnrn  ^ Wmt eom 
mm. ftltealla® #aio&F##ms soil® ii»oa, mmn^m&mmm and 
if  wmt@?#d «itli a of pH S*.0 ttoaa if wrntrnT^^ 
witli « rnXu^^QM ©f yS %Q ©i* 6.S« Haas Clt^ ) 
la .«OM  ^ al&aliw# soil# plas t^ roots #®ai ekaag®. th,m pM t.l»@ 
sell afeottt tii«m mud ttmm s«©tir# atttiPltloa* H# ®ls# 
tliat sX%alii» @©il eoailifeioss elfcras #:ias gi»w if 
aifer©g@B 1« «d«i#4 «# #al«tttii aifemt®,# Cbs^^R®. {1.&S9) 
tlis-fe eltjpmil ##041ln  ^s .g^oiga ia a«i€ eiilt«i^ .» eomlfi 
feat tbat @.f #A1-
eiw- ®:st:pfe-i?ast# %h.m mvailabilitf #f Sj»©b* J"-©!®#®! mt al« 
Cits'?) foaa  ^ tlisfc eM,©3*#®i:» t»t twnit #©aid la# ^oT^^mute-d 
tf trmmtm&mt VMth r#r^ ie soamoiiitsa, oxMl&tm hu^ th&t 
ettrat® eaused mmw^rm ##rval^  asid VMal 
C1&38I d«#.ox»ll»# a m®%to.od ©f f#®aiag fwn$M trmmm-0. 
TM±m m&V od «.#»sij®.fcs <s£ «xoa*afcisg a root plaeing i% la •& 
flftsk -of ©itrl© aold. fmwT-avm emlpliat^ .. la Q&m&immX9'w&M%& 
•S l^ik il93M m® .©.lsl€»-r@sla. ©f pemr twmm gr«>wisg: 
OS lesa  ^ eartj«»ikafe« #©il@ applylsg g3?©:siM f#.i*.*»waagasif©3?©ms 
e#me3?'#tt©as-«. Qxi -«lkallii# sttils Im Callfoimia Chspama @fe 
|19S©3 , %h.afc saag«a#s# €#f iedsBef is- Qttmm maa&el&t®  ^
wifclb. a,lk«.Xiaity*: Moor® (WW) «0i:^ r#et©€ clil0.r©sia of 
Qttmm m&d. tip#®®. »lt& ia.|«©ti#B3 ferri© 
lata oy. t«ink#« Bwto- C5.SS2I fcfeat ©Hlorofci© 
##tfe©aw©cs4. sad ©ppl® lsr®«s gr^ i^ns. on Mgfe. 1.1m® a0il..s ©oial-d be 
t© m&Tmml toy «ff*jlas wifck f#rr©ms sttlpltat#,, 
, la|#efeiag Ir&m salt# lafco #r toy tfrivlBg amils 
l^fco. tii« F©ar aetliCNla of ^^«a%iiig ekidi*oti# trmm with 
irttm saXts ar# fey .{ItSlK 
011# a.iid CiiLi*«r# (1920) A deriel@»ef of Iron In til# 
ask ©f <ililoir»ti© ir#®®*' of 'bialfey t^ ^S'QwmX  ^ ia&fe®i*lal« 
aa Masiip#,. t©1v#%- te®feme#o »t®ag. asalslM .plants 
to- »©©ttr# tom f;r®m Os r^kowskj CltStl, 
b©w®wr,,, us dif^ er^ tteiea ia liy&ogen f#a irm, 
e®tttsst as.mml ©mA elil©##tl.e ff@m;r l«a.v#s, 'Im .ma#t;li#..r pmpmr 
0«#i'i:©wsky is m&m- **a<sti¥®  ^ i^ ott 
ta gr««» pmmTP fcfeam in ©blwotl® 'Xmmvmm tha..t; csbloro-
tmwm&tt'Qm. 1« fel®€ up wi^  tills f©m. or iifoa* 
Hog«r« aatl Sliiv# f If501 roiuid taafe tli® «©laS5l# I'ron ©»iit#at 
plsa  ^ tlssa®#. is 4©pesii»Ht tli# pfi of tli® tissue.*. - la 
tlia pig®..!;® Ijav;©at£g.».ts4 tb@ lilgb^at- pH valm^s *«r© fewiad ia 
tb® pl3dL#®m^ .^ «i€ ttj.« ia tlst x l^mmm 
w^wm fonK  ^ .ts %.l®stt«s Witt pa valaas* raag® oi* pH 
wlw® oir#r wMeM i,s»om i# m-ofe was gr#a%er ia tfa# 
pla»% tliftis, i». Inoi^ iiai® ®®lti%loaS:.» 
t-liat .fpulfe %F##« mtimmtmA witti 
m 1.1 ttl# lemf wti^ a tUm fe-rm®la#s w«r« 1B-
w%UU. sin© .smits* al* Cl.036) foim  ^ ©vMeao# 
i^ at sQll is momrn mmmmm waj isi'iag afeotifc a si a® dsri-^  ^
elsaej la. t4a.« plaat. <1938) md I'smg: snd CS-OS*?) 
£^m -^ Siat mpp:!# m®»sl#s ©r iatiimml «ork e0sd.ltii«ii. eauM. 
oontrolled ©jf boFoa. ftam# C19S8I stmt©® tliafe 
fclf* ©y *s^»r <li«%aek* ©f trees Im wst 
Aast^ alia ©#aM "b# Ijy applyfag: e#p r^ 
to tti# pell "©r twmmmrn Iia S^mfcli faa mw MBTwm i%937} 
ifee.t jm%%&w braaeli ©f May te® €a0 t>©-
aiitf *.gr##aing* «r -da© tm 
iisijgas#:!# toxicity# la Bawaitj; Johag#a C19t4) %!»% «n. 
Irss elalorosis on soils ift 
iMigaa##© W.S ii.|»p:«r©iafelf ieiJF«®#img amllmbillty «if i.!*©!!* 
wgm 
S««iil£ag tm Xts<»e«3.a##d finS tai4ii#Qt3la:fc#4. #©11# 
!Eii« St«t@ F»f«.st at' lowm  ^ gi«w3 asi dis  ^
tx l^bmt-e® t2*#«s far t?oodlot sa3 ©t*06i©:a plaBtisg tii# 
pi*0*ision© of fc a Clarke-;fellarj Aet fit 1924* 1» 103®- tbls 
WM: lao^A te a a#* im m lii#i tfeat fea -^
fe##a famsfi fsi? a. mtaib#  ^ &€ fli« .soils- of tmm 
t^ ypeai CU 0*s:e:ll mmMj lesm ob wliicln mxA 
ar# g^#wi,: and (2) 'Bremer #llt loam <m wlileli liardwootis sr# 
ffe© 0*JJ^11 send J l&fis is g#s©mlly with.. 
at s. from %wm %© T!i« sai-fas# soil 
i» €a^k h^0wm mr g^yisli tn eel#iP- ss  ^ pM 
tW&m. BmB fe# GmBm 
Bwria .^ tlie lat# spr/iiig. -ef 1307 tsli® 0ix>ps ef 
conifers w#2»# #e:#4#d sa feii© ##11# ###€#€ 
inelud^cl noi*tliei»ii wlnte Fimas BtT&tmB h* j poiid©Jp©sa 
pinm.^ Wtnum pondeTOaa Do^ l^ • $ .iasferim ifi.ii«, Pliaiaia 
Araol<J| or Sorwmj pine^ Plmus gagis^sa, Ai%.»:|. ¥lfsitil:a 
pis.®J. Wimm yli»jsial»n&» !Jill»|. -S^SS. 
denalfl0m> Slsl^ * 2uoc»| Douglas Tir, taxj" 
folia. a»d " orway fi.#»» .iM.#:g Sar«t« 4f%#r 
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piwafcing,, Wm ooBtfesiuiag ponil#ro^sm, mm.€ 
Japaj»s« :r#€ p$»m wmrm maXi^lwA witlx pis# a#«43.#if fcsk#a tmm 
m y®»» «M plmtstisa n£ wMt« aii€ 
ffe© saad b#«l® of tli# o"fc&©r si»esl«s w©i»# aml®^@d <^S,Wmr wltk 
aad s®dg@a' w witia, 
S©€4s of all sf«;©.i#s. #x#«ptlag Amst^ ieya pia« 
gisimimafc^d lii §00  ^ aial3#i?S:« Pol.l®wiBg g:«'»lii&fclos. #®#dliag 
d©v®l©^^a% w&m- mm-rmX •m.til Jku^mmt wlmti 
^hm fly«fc fa#«lii3.«€ m&mOXm fe«g,«n tm &pp#s]p». 4fc tkis time ifc 
was tt«ifeeA ^ a% fcb® ."fe#€s of %tlii-b#:^  p©tM®3P©:sm  ^ Wifglsifti, and 
J'&fmiisg# r#4 p.lja# wiilcfe «#.r« ayLS.^Is,#4 wltti pis© a##dl#s wmm 
wmwj sp.@t:fc»A and I^ r«g»3.-»' *§ to- la  ^ e@ f^c«la itr©m» 
tUmm a#©dll^ 8 mpp#a3*#a t# 1»« WIQ&woub. mmA h.^mXt'ky wMl-® 
eoiifcal»#4 #fea»t.s& ,^ off-color Thm. 
&Gmt£mwm not reeelwlug mmm-^Xrn mwloh wmrm aalfoj^ y stmt®€ 
£a a5p.e,©Fafi€®« As felsit srewlmg s^as^s progr®.s»d a#©«llliig.a 
tlmt li«d ttT'mt i^gop e.©iifeliiu#€ %m m&Um goft^ ' laoiwal .gi*owtli 
Willi# aH. 0.tlieT f ailed fc® safe© app-s^^ei-abl© nmw ^vowthm 
IM %Mtm S«pt«^®y tlj#®# ®«#iliags fe#gsa to ^am fercywn 
®r reddisli pttrpl# in eoley- ^mA ©ils e.^ aag# m®F« .a©ti©©-
stlJl® tlsr#i^ fecaat aetQto© :^* 1%# .s©#€3..i:^ s ia thm vigopoms mpp©«r-
img spot#., imwmw&w; r©%aia#  ^ & ii©r»l. .gr#®tt •0ol.ot' aait "by th* 
©md, of tti® gfOTth. mp^mwmA fc# ¥©• fewl©# as layg® 
a® till.# others# 
#:x;«t»iiig tiii# a««#llnss fwmt tii# good «»€ pmrnw 
mm* 
in mif it was t^ liat s©^#<ll.t»gs 
mx. *fets^aa0# mf witli.# tb# 
t:# l&la wmXmtt&Amhip 
mm& fcrii® of mi,! seedlings feetfs siii.eh,«€ wife pino sl;:3?mw 
moA mmm »»%, In. ease of feto.® YtpgtalA 
3"apaii©se i^ae#* fii« see-dllags ia t-li# %#«!# J'ustifiaii mmA 
piae, .^ a®|.a.@ fiip, .urid Eor*f" wiilelj. M€ itefc 
til# needla ft-er© iaaifoi*ialj poo  ^ «sA a©s« pmmm^mm»& 
co-^ r^hizaa# 
Is til# wiii.i#,r mamy «if tli» asedlin i^s la. tti# #po-t:© laekiatg. 
^ycoFrliisa# tHeiS.* Dating Isli® second ^rowlnc s#ms<m. the mtmm. 
rnf tfe# ®pot» g:"iipi>#2*feisg "rlg#ff0a»  ^ «pp#a3p:tsg; .»®»S.li:iig@ 
«ii€ manj &£ t^  e saedlln :^js tliat wmTe reddish pwpi,« and 
Qa.# y«ap mmw teegpa t© msk# go&ft eni^  -m a 
:»©!?« fi©t^ i. .gip##B color*: At th© «ii€ «i.f tlie seconcl growiag 
®#as&a al.i ©xcept a f-®w %li# la Kb# m«3.©li«4 fe -^dSj^ . 
pre'riomsly ti«€. supported s%iaafc®d. pl^ ts oC e0i®r.||, 
sew li&d Bfsedllags g.0o4 eolo -^* Si:a# €iffft!f^ ao:#s still.. 
nearly sil ^J^snts w#r# iiakii^  .satis— 
Im -fclx© ii0fc miiok#*! with. pt&m. w%wmm 
w&m werj .ae-tleeable • Eomewri,- in lat# spr-lijg a .f®w 
Tig r^swa s.®#dl.i-Bs# :&pp.®«i»#4 »mi. 
.lings to© wmwm £'o^m& h«ir# ^eQra?iils.sit#.» Bf «ai. feii# 
seeoBd growi]^  «p]pr©^sat©ly tCJ p®i* e.«at fclie 
fi:r se©€lin.:s &tkA only -m ©f %b# 
Austrian pin^j rt d p$m» ittiti sprue© vmwm Stiox'tXf' 
tim^m w f^# al^ andosed «!-€ tiim fmm .r«fmt»iiig 
plowed iSi# loss ia -3 is instarie# maomtad to 
th.mk ae<@dltos»  ^ sb S*0 @t#e  ^ t& b» 
worth eoii#«r¥afei*¥®i:j' t>©titer i'l^ i «itte t^ liemaaiid dollars*. 
fti#... ©ftaat.tim ©:f. tlie ef l»«gX«0 tlr towmrd 
fctt# Q:f fcb« *#eoml QTomluQ, m&m&om. 1« skmrnm fa Flsui*® 1* 
Figur# t feii# "b#t*<e«a s^eoM»lilm*l astf 
fisa-^ ftorr'jilsal -jBeedlinsa ©r Borsay spru-ce «»A :p®€ p.lii@» '-Iti#®# 
Ijlftnts wr« y#srs ola# 
!Eli# sltmation slj.^ *© f«if» tb.® Stat# lu.i»s« 
ei«f* Is ii#t .te Isolated m^mTtpXm &f tli« of s^sor-* 
fw At til.# S«S1 Cons#rmti«i at 
A»s.,: wM-eli S# located on m €if£#^ eiit .»41 a siiailar 
s&t #© s#f©r# si:te»%i®a lias prevail#^# 1^# U#- S» 
Forest, Sswle® *fc Lie i^aS* l^asourl, #iico\mtere€ tti® 
smmm ag €i<I »#wrai :©%b.©f aii^s®.rl#s. sewlj ©sfcalsXis&^ia 
ill th» central states region. 
la adaitios ft© ttim «se:0ast®i'#d in- mmmmitlmm-p. 
tl ere is Tm&mQu to tielieve -fclift.t tiie failure of soi« eamlfers 
#0ws fef St©«»asc3n (1956) Is a direot seeding experia«afe 
Arfe©s^«.t;^  ef feli« iswm Stai;# Colle3e, i»#.a,al.tied afe l@asfc is 
pm^% mhsmmmm of a.Molo i^cal x»e%&w ia tlm goii* la. 
Wmmm test# «M.t# .plB© Is. -«#4. ep«ts .swviw<i 
Fisa» 1, 
1?wo jmm* oid fK5a-^ c0rPliiSidl. ftr 
oa 0*II®1I sail afc Stat© lm*®e*y» 1958* 
Xsrg© m^edlings aina small 
#®.«41.Siig® #f' pittt and sp-r*^© 
Sfcat® Forest lluj?sery# X92>S# 
tlie first jCciv wlilala. i« g©ii:©.mll7 erifcical fr#® it*# aolstw®. 
fail«A la •l.b.# s»©QBd y#ar.» The ©f" 
aatui»*l arid dir«.@% m&ei^t&s m% mGmm mmiXm Iba# 
to of fyisgt "fey Saaai#! Citg0) «afi 
St#wa |,lt54)..#: Savvey C1SS0I tiiat al-s©st eoaplat# 
aT5s#a©@ ©f f^ aigl mp^oa t:li0 eai3»efe b# 
»i-gal.fl©.aat mM t&at .ftaagal mi solla ppo'bmlslf 
©r 3^%- %mmMt aesoapaml,®#  ^ncroaoh^eafc* 
Xaoeal&tion of Biirscry g#ed beds 
^o- ase«i'taia If tli.© pl»# tmrnOXmrn as«4 to eo-r©!* tii@ »#©d 
feeds at tb# Stdfc#.  ^orest Itosepy w©:p® « soar#® m£ myeairrlilaml. 
ftmgl, of :B«W ©.o»l.f«i*0-ua l3.®d« was afct«ia#fc®d..« 
In til© sp-riug of 3.958 €mf.f safi iiii®as«»rj.eii to-p soil w»r© 
froa tli» plaittmfci'Om bad rtt-mS.s&#€ t.li# pia© 
s%i*air iis#d fe0 edff^ r tim 1957 1b«4.«» T% te©©n tlWBt 
a«©««'taiix@d tliat %im .tm&a ia eiiis plaafcafclos i3<or«- mf'eorrM.g.a®. 
I^s inoeulma l5©£rA,ag material, w&m appllM at fcli# rat© of 1 
toiigfcai p«? SSO 8<l*ffe» of s##d. "bed aad was Is to a €#ptla. 
of• t;wo iaolies# j.'*"© wag me-a m&mn Uo §eefcs 
Film® mwlww mtrl& L, Tiio autlior was a f^c mil© to isbserv# t!a@ 
beds. agaiB. imfcll. fete® first part ©f a«p^«ial>«r .1SS8# At tlila 
t.im# sfcrikiag iUffepsiie®® w©!*® 0l5s#i'^ d l3.0tW'©®ii. fell© iaocuie-fced 
aad imlao^alateii, pl&sts* Tim»& a:lfi*#r«a&es' aj?# lllastra'tsd 
old Scots fiii® OB 0*H©11 rn&lXm 
X»©e.ttS*'fe#€ aj»i. (tmX&m} 
**•41*-
« 
im Pigttr# 6* .tM tM® of %&« growing se«,«©a lis 19S9 
wmy %f.«» mis0cttla%@€ ,s##dlmgs w#^s wlill© tfeml; 
i*#iQSis#4 ®liw aw«y«g@4 l®a» tb«ai S:.G iaels.## im kelg t^* 
tills mmmm  ^ ttmm tli# iB©©«Limt#tS ©©©dlittss, wli0r« oo«g>®t;lti®ii wms 
aot is fii# :r#»0&€4 wm mmwmsm l^ lg&is #f ©feeiifc  ^
SlailttXy,; s#0a ¥#3 Bsil «lfck tlii« nam# 
duff *:»# #©ip ofeiisr sp#el#.s* Hi#®# sp#©!#® i-iielttiii»€ 
pill®, gjpfts ^%ip#lams %:».$ |«k©te gimms. 
I»uglas fl:r|».. fS:Sudot®uga taxifolla .f^siaS.tm 
©iJtitimed w«r# slmilsF t# Maisss# witk S©@t» la 
^mmmm m »rk#€ stisni&tiea #.f #eoa»## .myeoi*-
rfilzm appeftyM •fell# iii#eaiat®d fettfc sat ©m 'tJli®" «ai»#eial«.fc©€ 
absoyptlm £aqHEmlm,t#A am# 
B^estt## CS9361 lis€ ^0im<a fclmt ksd 
#a&b,lsA p±m0 ##e31i»g§ absorto jreate#:? isf 
plm%^ natytmt®., a stady ««# ©iT tH© init-rie»t to€ 
F#©t ##*@l:#pwia% ©r a©a»»^©«^kl.Ea3. • pkmrnm frem 
fcl» Stafc# Ftti?d«t Sil.s t'ork *«». s.taif%»a i» fcbd f-all 
©.jt &iia e©»|sl#fc#A til tli© sp i^ag, mt 19SS* ti.^ glul& 
plm#, Plttms yirgimigB..a Llll*.#. st#©fc •»»# A bloefe ar s@i3. 
«0a,t;8diilag gOO *»@<ll.iii3S mmm r#a«*®d .f^r0» ©f a 
layeoiprMlBmi amd apot la tli# mm»A ^has# 
mpo%m vm^m witfeAa tea f#«t of mmmh otL r fa %im "b^dj,. thm pM 
#f %im- sail 'vmrleil fr©s #«0 %® G.2, «a€ «1X outwa-yfi 
apf®a;riuB0ii-s Isli© «#ijLs im th# t*© Wld^ to wsy# sialiar* ®i# 
soil was ©ap f^mlly wmeliecl f:i»oa tlie ses l^liigs AfifflageiS 
®:#®dllsgs at til# of tli« 'block w«r# F^os aaoag 
•feto# ml»J;«ir©4 s«#3Xiag# a. ssapi# «f 20 wms *sbo«@a at i?aa«lom 
f'roa @feeii hXi&QTs m. stedf q£ %im aaA -of* s#««llliig 
®i© i»#Mla4«r •&£ tJj# s»ei.llmg;p fa?d« ®aeli feloefe 
-wag lato f©a^  sasple® w#r@ a.s@d foi* eli@«i©al 
aaalja.0S«: 
B^a 20 i^ 0o»liisal and tli© BQ s#@dliiigs 
w®F© #x«sia#€ mxtrnwrnMllj to BAtwr# ®f 
ip#.®%s aad comit® w@3P# mmAm &t thm 
rhisml h3*mA&h&w -t^ w tips amd of t&# sb&i^ fc 
r©ofeg» "Thm elfess idlest lcf®t ®f a»i«li wi.. ^©ak C.1"9^SS) wm® 
tijs#d« mamm s©®41ims» w#r#. ms«€ £"& thm t&ll&wlag measiiT'#** 
m^afes of li».lglifc g»wt&t ^etX&w t& t0.p of 
garewtfe.,. fr©ii top of gi»..#wfeii fe0 t;li© 
and tetial iaalglife* 'fli©- gr^ wfcb. tli# to tli« tjad 
wae believed »-st- usmfmX i» ©mluating, heigb-fc .growMi .r«sp©as@ 
asmoelst:®:^  witti •b@#aas# tla® Initio gpa«'^ li 
da© fc-o fell® «#©€ w®i»® Immm  ^ mwMmnt ia tills 
3.ft:fct;#3r growth* ,&lt^ leli-j- lafe# (.19S%,, C-3»9S4l aad Mitela®!.! 
{3.0S9) ISAW -All stu^mm liap r^tsat f®latloa® b-etw®#!! mimm mmd 
weiglit mt 0#®€ jleM*' Aldviela-Flmfc® sa  ^ III t®:li#ll.. 
sl'iowed fcliftt. iarg# se#ds eostaSsed ^aaatltl## of s.ss#a-
tiai nutriesits tti«i did snail seeds* 
Sa# s#«iiliags ia tli# tour r^ maiiiins samples fr©a #aa& 
«es»« fcfaea eoimfeed aitil sr«#ii «ii4 
Eacb. mm t^m *»s snaljseii %#tsl mltrogsii, pliospliorttji#. 
p©fc«»sii« tof tti# ©f til# *»»0e;la%i©s Agrl-
cult'oral Che'jlsts (1930) •. 
'334© ©IT all c0i!^ ari®0®g p?e««at#€ la fmljl#® 
1 S« Fi|5«2'^ s # m# S lllmstmtis 
tb© ploBfca -^ itli Si# data mr« «^1 
clear eut- aatf tlier® tm. llttl# everlmppiag la tfa® ^ang^s ells-
plajed fell# indiiridual. mmmmuwB-mBntm* Sfc t^isfciftal sigslf-
ieanee was ^etenaiB#  ^ ia all »«•#»« toy ill© #wfellii#€ 
Sn©d©c0j? (1940) • From Vbm ^at* fclt« following poist® ^©as hm 
i»d© t . 
1« mii€ w#l^ its of i^ eorrliizsl l^amtJs wmrm 
ddiifei® fell® s^w^psw t^ita*! plasms* 
,S.». l»l^ t #f i2^ooi»rb.issl plfiatis w«#. SS p#i? ©©at 
.»4 &#istil4 gj?«wtii. r^ ©® t© tik^ bm€ iO 
a* f&s ^0OF3?!ai»l -flsats mmvm s.lgaif-
l^ sstly longer tTcm rQ#t ©#11» te thMm t&© 
9P 
neiiiw.B^eors'M.gal plants • 
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frcw 0»B@11 zoiX. 
»i»*Sfm#»MEal ^eoryMm&li C t^^ t)*, 
®]b©rt wmtm m»d tips mr l3r©sefe«s 
wMi® Wm »oa».^ ®©FrM»ai pl;aiifc« jOgIj -^ vm  ^ oOO» 
S* ©f slioi»t, .s*<K>fe0 mm 
^6#p^M.s.aX ma€ ^m'^m'&WTlaxzmX «as ab©mt tli# ©«»#..« 
"6» file mfesortoimg. rOf#fe tlffS tli# s|®0'i*rlilsal. 
were timm sjc or,fill sal: and ©m, la© ttou^ht ei «.# #x%ra 
^oofe tips f as a r#smit &£ islis afnoFrlil.sal iaf#©tlos« 
*7», 1%'0#i*3!?Ms«1. plant® een f^tla^d (totals pei- f-laat;) 
fc*!©# as miasli aitrog^a asi4 pofeaBsltm $mA tmw tia#© a# maefe 
pb^s l^ioraa m® ia®»-«^eorrlii«sl 
8*  ^m pwm®mMms» Arj* l3>mmi.&.g fete© s®#a:l.l3ags 
with. ^e#rrliiss®  ^ «i©at;«ia@4 Is*!#© as iatt:<stt ptmm-phMvn^' Mm ueia  ^
»^e0.^ rMs-a3. pX-«»fcs temt wms llfctl© airf^ rea#® %m tli@ 
eoafe^ats- t$t n.ifeF@g©». sfsd • 
F«irtlXis#i*. Ba;p#:rla«ts witls. Plis# 
• R#isg#mg#0 eg i»e.|£ ,.gis# t® aityofi#m w^&BmkmTum 
la vie® ef tSi# e©3.©f M feh®. aoa»Bi^ e#rrM.s«3l wmmA» 
la and iadicfefeiORS of .naferl#at 
a-©flci«ttc-i.®®.,, it was ae©.i4@«J fc© afccrtaia If s^pmth. »spoa»«# 
©011-M to# #tefeaiii©.d £i»oa sAditl#!!# Bifcrog«a. 'sad 
te© ««iiif «3p #«€S.l»g#* #^#ipiia#afc# wer® g:tai'^ ©d lia tli© 
spriag' ItSS tis© ds-fcft ©fetmS.:tt@€ wl^  fii?g,tiil&. piaii 
hsA ¥#©» WlmmB ,*m# 
nhjOB0n Toy* tMm experiments 'b^o-siis# &f ¥lrgXiilm wmm 
m>t mw-^ilrnhte fe#aaas0 J«el. p-ls# .rapid 
growiii, mmm .pA&t the eotfladom star;©* • .If s«©dlii^s inhei»0.ii%3.'y 
srow sl0«l.y my . mmm dm& 
si#* sii€ iMi&it&nt 
•f&# stmi»^fe®€ im feiie 19S8 -mmm ear-
risd tm afeomt 11 IM ^ SO 
iueSi## g t^mre,; w£%li- m eapaetty <*f slt^ tly l.@-ss tliam 
fchiy€'@ ®f .a eateie s#4:l *a» ssaiily .!.«»«».. 
®te%felii©d from feiio -ttf aa s-»ot- is, a f.i#lcA a®:X% 
tm UhM- .ms& ps*©'feml>:ly r»pf«s.#afc» 
mlthoagli tti© fi#M croppedl to ©.©im ftiwi. &orQlmm Caw 
til# %w<» -s-sArs- 5 r^i;o:r fc® isolleofcing tli# soil sa€ la& l^a©iss ie#.f»@ 
iM# «i»©d#€ mo.1.1 »a@. otiO^ssm to- whi©fe 
fros app-eceaa.e;#8 w.a# l©w#:i» in total felsm tM# sarfmi©-.® 
s0.tl ®.f -asero^st sp©.ts.*.. 
:^tmT tte# s®!:! liftd "&##» fcaaroughXy ai»€ .Ife ws» 
©uli fern Isf sua wi^ &I1 
%M® ®©il ta box* Bmr m»i€t CD 
C;t) migfe alfcregeii^ iow p^0.8iai»rm#ji .t3| lligli 
14) Lw alti'#.g@a*lit^ . ^s»spfa0i*«ii*. All, feox#® 
-a mppllmmttmi mt SftO petmS.® p#r »©» I^ l> a.» 
l^ ,©feia,@#lim gulpliat## Eates of application w#r# calo«lafe«€ <m 
fit Mltrogen waa adde€ ss sulpli»fe# «aa 
phmmpimrum mm 'ftm ra,%#a.o£ 
Qf aitesg^a aasd. plaosp'hor'tts ar# im fafel® ill %»©.%« 
*#r# f iw-
3"ftek pii»» s«ods plarnt®# ia mrn^h. feetx. and tk® !»©:»#» 
feliea wltli ftE  ^ m& mt mm pXaaks Sm a 
«m3.1. #»el#©w®. s*d« wliii mmmw f«a©# at tii# a«30pa#ry#, Mtsp-
em#t»g#ii©e tit© s®#dlS..ngs ««re #!m€«€ laitll Asigast 1 at 
tihlesfe ttmrn e#ii.sld©:Fe«l l»r€y .«a#agla to st«ad fsill 
#jLp0Si»«»., tb#..growing 0#as#as, w#r#. wm%®:r#4 
©ptiasm*.. lis lo¥-#a%#? .ItSS plaafes wmwe maleb®4. 
feo pys^aat InSmj* 
tim sp-i»lag #f' ISSt %h.m mA  ^w&m p#si©*#€'aad tla# -
bd»:s were- wit;& to 
m^AmAg. an,# pli0a.|jfe©rms #4:13^1 onft^ half fcia# 
ortgln&l i«f'#rtilimafciom w&m apoa 
tmrnm mm&m terliig fell# pi^ dirioas lafe®. tliafc a©.sfe 
©f til# %##a jry«» tfee s«SJ,»: »itrog#» ftt 
•febis tla# w*B ad.ti#d as ^mmmlma. Img%®a4 of @«1-
pli#«|!f|3.#rms wm® &ppll#i| im fom && ' 
ibk# bair •s|3ip!l-i&«.tlo» 'b#.isg: dissalvdifi im ©a#'^ toma  ^
lliF# ©f 'Wtar# .i*@r«:r%ll.isatio» tli«' izi 
&ml% h&x wmm tMioaft# to 12 box to svoM s-sifletts eeiap®--
tifeioa. a»sg til# pi&irrnm 
,&jriiig #31© f i3?sfe grewittg, @®vei»a]l -tb« •««#€» 
liag#- is #&#to #f tli# eli#«& .di#€*. Ab t^ifc S#pt«afe@r XS 
of tb« first mmmmmi it w&m imtm€ th.&t tli# #«#<lllags Sm. 
•oa@ of ©h&ek 1mo^ #s w©f# dl'sfiajtsi.y saperior to- feii©®# ia thm 
fomp ©|j#©k fbt# iBer#«.®«4 d«rlag 
tli® f all aad m&m p.ronoime#€ tli® »-#©oad growing, 
»«aa-®a*. la tU& season it wmm as-fc## mXmm ttot ©«ia-
slfi^ rafel.# ©eemi^ ritd mmms Fepllc«.tl©iis &t 
plaats th.% %mm .ftesp&e-irae-Mgli 
®ii© gsi®€ g.ip«»t& ©f til® mm ©faitck wad fcli# irrasgmlur gf^ owtb. 
isioijg tb# low plioapliorus i»#plieat4®as mmm lafeer a®®®rfeaia# ,^ 
t& hm Amm  ^ w%tU ^e©rsfeim-ml faa .^l« 
©arlisg m® winter &t lt40 thlm «p#,iria®at ms iSl»saiifcl®€  ^
fci^ e «#-#all«gs. aad i^glat^ g m# ir##a w«islit.s 
4,m&. &r® p«s©s%®.€ In S «B# ai»® llirn--
fc»t#dL la Fi,gis*^» mi^  f.* f©r aaalysls- &£ wi*.l«ja©« ar# 
pi»@s«iit®4 is 4* ?r©s %im da,fca' t&e f-©llowii% .p i^ats 
»-rlde»te|-
X:m ^aek pimm s»w \t,ry poorl/ if at all  ^fcbi.® 
#^4®d -wl»«a ©r tta.is®-amla.t:@4» 
g*. #3?y «@i^ t lsep#«;®# €w#i» tli® &£ tli# 
blgli. S asil • .F twm&twmnt wmm mbmmM tSOO pmr ©-@a%# 
3-.# fli# sm.|0r part &i Wm- rmmp&m&m u'btaliMtf 
w-m dm# to ph©.spb.or»s.». 
•4, Af%#r ®#e©a€ iacrea^at ;^ o@plio3?ms wms 
.g;r#*fcli fr-ost a ait.rog©ja sppiAestl®!!,,.. 
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«»3*^  seS h* 
•PH 
2.*^ plnm ®##dliiga sj*o«a tm 0*MmiX 
soil afc I^ttmvont ©f sitrogon aad pim&phjorw -^^ ' 
iMtt to rii^ fct 0la#ek, M-1 aiwi P-3, H—3 soil 
'W' 
j®ar oM J&ek pla# Troa 0*»il soil» 
Moa-aay^orriiiigaX llef-fe) ««a4 ag-oorrfaisal 
XG3.J sM tlx® low pli^ SfftnQtyms I^si^ : »i,ijfo:g©ii-
fer©ai*#»fc «agg#'^fc,# "Simtj,. if. la^^.ulated #»'o« tim "Vm^Y 
:#©:#ailae« w&«M ^psw mm w#il. as ®f fclj# rnh&m 
£mw%S.l 113r tr#atmenfc *, 
f # 
or war lam# of Qw^wtu an& total 
weiglit ft^ T 2-0 pJa®, aifc '^osea»pli©®iA«>rus #«rlesy 
Soure® 
of ©f of .X#aa 
Total 18 Its. 08 
1?reatoiits 5 111*0S ST^Ol 
IS 12»05 0.80 
f«%al r»*j 
^otal IS 1E7»S1 
S 115,88 S?,6t mm€ 
Mwmm 15 15*9S O.tS 
®^Hlghl:y ©Ipill'leant 
sii©%e€ ^#y possease-il. .s light 
.iiLppar#a i^y a#l;iv# ifclb:#«0-^ laiiig ,a**c«s% tPto®®# felps w«s»® «©»«< 
fcl»»s «st in ^mmwmX 
Wtt&smi- tiss aM ®f a #«# tf,irfloul.t to 
moa-^ eorrMzel i^ ®#2*rliisal sii@3?% r0€>te, sad to 
fcto# i^a.® roo4 a.j.»fc#a#-
aad s®®d.lass w«.r« -wmTj m«#la allfe:#., 
growtli of Jaek gin^ on seTeral lowia., atar-fac# ao.il,.® 
Sisal fcaii«0a«iy «ifch. fclie ^ x^sriaeat wlfeh. »l.fcr#g«a 
piiespfc@r»s„... J:-sek ,plii« ms #a #»*#raX s».l3»#* 
!&# «©H8. ?ei@ w«.fc.8fc«r •sil..%' «i.«y ©"fetsla#  ^ fi*em tia® 
&gi»®3i€ -^ f«-» ©I*- til® Iowa Strntm Cellgg#,. B-Clarlcm  ^ ®i€ 
$amM siife %mmmm' Tim %B •& «©ijL,, tli© immM m 
soil ol^ taSjaed near fcke .Stmt#. sbA tli#  ^
sMl .ms#d wm m 4@gFaA©# e&il dbt«lB#4' 
fela® Agipciw^  ^ S&e s«-fe ap f®r tliis #:36p®ri««»t was al»il«r-
to tlxat for |,»©k :Qa .O'^Keil #011,. All. wm-pm left 
xmtTmmbmArn 
Tl^ m mmx^m mrm pr©g«a.^ ©4 ia § miA 11,i,iist.x'«t#tf tij. 
ricuris Bm Om itie Wstost#!* TO.11 wblek liad « pit wmA m 
&i fr»© ©ap^Qtk&t®:^  tli© g©.i*istaat®it 
ill# s##€Xia:g.s ia & sfc««tsd stmim fo*' oa® 
four a©M.fc&S: ft«i Mi.«ii died* ll»a# w&m -ailfa® ..ia Si® lafe® fall» 
0a CJl.arl:#tt mad . J»-S of wMola .w«r© sliglatly 
.a».idL as-i ei*l.gto»l.3.y .stt.pp0j?#©€ m sixM #f ®sk##. aickw .^^  
•aa^ s®©^.l.iiig growtli wmB v&x*y go©4 and 1» 3f.aefc gap^rla^i* 
te til# gfowlfeli ootmlmm€ om the 0*WmtX ' All 
pl-smfem sa?©*a ©s &-OX&i?l©ti s.ii4 .Am.#® soils ft©«®«ss©il 
»@ip# vlgflrefUg .«iad ©f ft colos^* 
«^diarl!oa' refer© 'l;o ''SiSi'ioii* 
mrnm 
fatol# B 
of jaek pin© &n several tmtr@6.t@&. surra#® 
soils and on fertlllzmd. Q*M&1X subsoil, 
srw "" ''• • •'•• • S©11 .5 *«. (gramg) weight 






Total ' .iSi plmi# 'died "during" first' ##Scaa' 
.Aw» .., 
131 11 80-.0 66 55.2 101.7 254.1 
132 10 57^3 46.6 32.0 78.6 207.4 
1S3 10 76,3 5S,0 52.1 107.1 2m»2 
im 10 74.1 40#t 96.1 242.7 
15S 12 74.»S S-Sgfed. 94.5 233.0 
Sofcal ""M' '28^*4 194. S 4V .^d 'tt§S."¥ 
Aw. 6.S 
, ,  
. S^7 9.0 22.0 
146 m 77*S ».S 20.4 56.8 15S.9 
147 XX 77.6 54«5 Sf*6 92.1 Bm,§ 
148 B 44.0 43.2 41.9 86.1 240.7 
149 10 SS»4 52.7 m^& 85.6 220.2 
150 10 66«S 72,2 4S^2 . 117.4 E75.9 
Total 1¥5.'9 455.0 lltW.'f"" 
AY0*. 6.7 5.0 S.4 0.4 21.S.. 
Ill 12 88^1 4B*4 SB.4 77*9 1SS.3 
©»H©il^  
112 11 86,6 4S»E 28.1 73. S 176.6 
113 11 . S0»2 38.1 m»9 70.0 193.0 
MFK 114 9 5M 32.6 19.2 51.8 138.4 
115 9 07.8 5S.5 as.s 67.5 144. @ 
Total """W i^ S.4 Bm»"s SSI".! 
AW®m . 7,3 S»7 2.7 6.4 IS.l 
^mm OfWell soil r#c©iwd S60 lbs* 
. K30, 144 » « • in 3» 
and 172 lbs • 1*2O5 per aer©» 
•*68 
2*0 J»k pla© on. sswrml soils 
to rigWfc f^. ©-Glarioil, 0*jr©ia. • MFK, 
B®l.©ws 0<l©lX-.&h®el:* 
:©;f Ptm# 
FS*#B: %1I® €»:%& 1». Mi# pr®.#«€taig, #031# 
iwslafe# Si#s« w#:t |1.| 0m tiiia 
soil ife was- i?o«sll>l© to g3P«-W s:©-@^ai.is .^s. 
i^S0rrlilJ&a#, <2) tlimt seedliiigs wifck a am-eli 
larger .r©@t 9ys%#a tliaat C-^ l 
^#fl«i»a©-y of plio8pkor» ap^##i*-©4 t« liiatt tli# ©f 
til# .se#tlllag®  ^ C4| ^©dd was -©tofeaimd ditliftr Ijy 
tsa»al*%ii^ - .%o t&mk -m^Qorvhtmrnm^ #j? Is-j wllii plao#-
C0| tbat foi»  ^ oa, J-itek pirn# wli#s fe-Els 
sp#el@s. wa.a g^©«a  ^foregfe psil# wiileh. 
sfea»€0 mt ©-mk «iid hlc^x^Tj^- |#| %laat 0a ssila app,ar®iifely Imek— 
ii^  »«s • a#-aas 
0f aaff^  Immis,#.. t«ij» -»#il f'r©a ^e0siif»3?©as t^^ aiS# p0s»#«®.l»g, 
-f^ ) t&at til® 0*H©il mt tii© Sfea%©  ^ F#i?«at. 
fte*ery lacked jCiai^ .i 1£ Wmmm wmwm p^mm^ 
mM Wmy- w«» «^pai»eatly spmj's«3.f di«.fei?l^ at-e€ mm& 
C©J ttna# Jack pis® ©a# ftitf wst ©n feb# 
alkalla# prmirl* soli tli# W©fest#r s<eyi®s*. 
S#m# #f tflie».# p-©-imfc# ar# i» -tli# i>a2»-®gj*m^bs 
ti©lov* f ftbl® S pr#*««fc# ds%*. :©-oae«3mlng -©013,.# mpctt 
til©## -mm^m g»M *111.. S.» 
with tiie -4i.«s^Bt#sloa# 
wmi® « 
eli«iii©al caaract^ rlstles oJP ftfe# 
used s^^c*w Jack ptn## 














•^ •= •^#.•'31  ^ 1.S0.# 
TOii. 
Wwmm •0.aC03 
, ma iSw 
da.-fcm f tti# tw® #p«©t«s mt plnn fee 
th.m .mlmmrmX attrition tlieo-ry ©f as 
%y stid Ilatoli (19S7)» Hmtsb, str«®s®s tto© point 
tl»t fmigal tamsi^ a «»«i th.& • A® not 
t&e <a£ I^iort roofcs^  brnt %#aa to sfciaailate 
it.» ©a# imtrltlosi of a#«#2.iiags.,. &e&i03pSin£ 
fe© %m :ip#lat©4 t# Ma# a©4.ifi#«fci«s. Mi®, .gliorlj I»^O%E 
as m ©r tto© f^ s@3L immsisis:*,. r^®#s w£%li. 
acco^Siig fe# ttS.s eonceptioa, #a» m©F# sutelgat® 
hmmmm &£t i%i U^e greater rsst® 
twom tli# "WmmMMg &£' !&« syeo i^ilisi 
iM) til# sr#.a.t#r wmtmm mwmm. ©f Wim Imimmt&A 
rliis&l) sborfc roots :^ |S| tli© im «ate#rlma%loi5 tfe# 
«ad mxi& C^J mt &m 
ftmsal ^eell-wi thm soil resultiiig Sm «mi«» 
tm$m ,f«y /.eooMtnir fmgi fesT# -m gpm&%BT 
eapaeity t©. moaair# tliaa d® %r#® a-##€liiig««. Smfeleali;^  
aeeaailiit# Im. greater ia tli© fckaa 
tji fell# AasQ^imtSift siiort root. Is ma^® twam 
%m »®®€l-iAg #11 a difrmsioa gradimfe* 
#mF a#%a #h;0« ttimfc- •fell® r©#.fe &t ,pS,i» wmm 
gr©atl.f sindifi»d mm m r#.sai.t of m# f#iriaft,ti©o. 
•aatf t4is% wmrm %*!©# mm mmy &tes#i?feiBg. apo^et .tt.ps tiat 
ia5'coF**M,s&l.. thm «#€3.1^-@* Im 
ili# feipa WW© Imrg# «siil- '&&lm^0A m.mS, 
ly exteesstw mbsorpfcioB mill© mt W^0 
tli# tip®, wmrm mfei»@is®ly saall mx  ^ th# blmel:* 
mmmA psrtl^ ii &t fcli® al«s% twt %lp 
of" mm siiort m» 
plmm ©i' hyxjlm© is Mm #la,@w@4 
BO dl#'¥«l-©f®#afe ©f n eridode-ipal.® m sf pli©llMm wlfc&im 
tia,® 
'I'll#, dtt-bft #a "f3.»g.liiia i>la® .©i-$ow timt ©Mfel®# 
s##€liiig,» ©f tb'ls %©- as amefe fth©-spli«»i*mii 
QU m ps'remtac® '^J feast# a® a#ii*-i^ eoFrMiial.' is#«d» 
%ii ttia s«M %«sis timr-m w&m mm- .imrMaed 
pot;a,s®ii»/fey la^eorrlitaai plisafcs.* 4&mh -ptm& 
„f^«^&pkal>ly tm .spplieatl^ns of pimm^3X>w>u» e^sly 
sliglitl^ to. Mdltloa# Qt nit:pog®a* Tim-m^ t&ctB Indlemtm UM&% 
phOBptmrum waa €#flnit#ly limiting s®#dli2ig pine gi'owtti ©m. 
W^m »oAl.. «i€ Stat #Ml>.i€d a. gi'smtw telma, 
sbBoi»pfel©a cif ttiis Xlmltiag 
m h& to ladi«afc«. t&# lapertmiwi# 
«f sig'eorrMigae ia. to# mbsorplslsii ©f siss# 
w» lliiltlag f«ia pftssJ.'fely 
list ting Mi#: atjsorpfelou of niti»06®ja* Th& )t© 
not smppori: tla# orgaale ult-rouen ttmor'y it Imfct®!*' is ummS. 
ta. t&# rn-mmm timt ^atr# fco 
plants ox£Ly is euabllns tiam to a«q.alr© a mupplf &t 
A aa^«r «f *<ii*k©rs om iccyoorrMsa© t&Rfe pliosflMSjE'm-®-
»#©3»tl0ns stlmiXiit© tii# or -f esigal 
iX9BB} ^s©®plmfci€«a 
ics i^is##,. Incr#^©## of Yonsg (1040) • ^^eXlew# 
teftt. s*©f»#%#€ tsf t»g» 
g^wtb vtth. tikm that tli© ftmgl #^ao3p%, mOF© ©ygjocti© 
««pbc»ii .«Ml ^m»m. te- m^mrdlrkg %o tM# 
wlw mjcQTrh-lmmm- mwm Iseaerici&l tre#a 0M.@fl;f by ©n&bllag 
tli0. tre©® to a^Q.w.iiP'fr mn. rnd t^tlmml #a..ie%oliy :^t>a.t# smpi>ly«. Om" 
.d.ata flpslnift .pfe» Mh£m tliat m&h^mA ##«€-
%# aet^ ire a. l.-ia*ser supply of pls®#fterms fell® «11# 
tlii# f-s©t li .gip:p-#&p» fti^ spho^ms itmeif- wa.® a -^fc 
lisitxa  ^ftagal. and if ®ti»l»tioii oceurped 1% 
mmm% tmvm #tla-©r faefcor# F®i» »##41iiioS witk. 
gFowa. .i». .I'lAJl light it 
1# doxibtftiX if esrtooliydr'mt# nutriticm dorlviiic fi*#a ^0©^* 
is .Impartaiit, 
ir i'taigi ar® sti*ilat©€ "h-j roo-fc s©03?©fcions, « fel e I'ltjeF*-
.atu3?e Ifidieates, .®ad if roots are stimilR'fc@4 tej fmsgsl 
ttoiaa ss th.m arf ttte- €atm on m£ 
¥irgiaia pin# lBd4a«.t#p;. It would #©« laor# logieal fe© afctrltjute#  ^
ttiis , sii»#ta*«,s rm%li©r t# 
bettei* »teeFsa, ntitritiim* lis ©onaeetlaa Ea^er (193%.^  
1936) tbat %»©« mi«# &r© 
Sh r^n B.tt3*l'bMt@m thl® stJjoalatioa bm growtk pr^ t^iag 
Butjstaiwses ^©rlTlag from f^imgal aeti^ ltj fe# 0:f 
ini%:pi-@nts needed Ijj* hlgfe^s* C19S#:| foimd 
thMt sr0wt2a of ©prace s^edlisgs wmm stl*mlat«d "bj m^sTrnttonm 
twmm. -Utm - a&d hj tli»  ^ftC t>fedioi® 
l>ut «»p t>y ti*<m, vii© 
s0iX fismffm. ^&%f0rlTmn& mA fey a ,1^1 slj. 
^ raffianniaBO^ • Altbou^ tk© dafc«, #m,. Vlx-gisda slxs^w 
re#% m &£ -^ ©wrMsa# 
fcl©as i&f %li» root tips #f r@pfclliE®d laoia-reftllised ,|aelc 
ftla# liad.i©:afc« thai .Isla# mamm e-ajR. Is# «€i«oapll«ii®4. 
tiliaatioii*: ^ms tti©p# is n© ©Tideae® ttiat felis 
autostaa©# ivs lliait®<I to fungal orisist* Hi# dmt-a, li»iieate thafc 
mbso3?t)iiig r©#fe M## «i»# kept in m l^asteim  ^ a'b#©rMiig 
conditioa. #itaie:r fey ftss^seiation wi^ Wk i^ coj^ l^iia&l ttm^S, mw ms: 
a result g©o.d amferltion «ua 0ptim«i gFowlag. eossai-1ii««is for 
•tAm h.i^ i#i? plttufca* Wiigr® aatetreptols imtepltl©m Is. 
impos..s.ll>le fcae isportanoe m^cotmhlzBLe is eirid«ttfc* • 
•Hi® giwm -ytmld mmmm sllglit agaimsl; 
Btirges liypotli0sls« BuF .^e® C1056) tliafc 
fungi wei*# weaklj j^ araBltlc anfi tliat any d#riwd hf 
tfe# tmm association was y#l,at#d. tS© af 
fe© xaagl ta fcoll lii breslciai:, A©*ii, organic satteip 
^#l#«slss -la t^ &l.s #©»® 
¥@- ao froa otti«r sell aa€ %m©te3?ia» Our 4afeSfc 
iji,«31eafe@ feiis.t wmAm possible tli«- '0f. 
tloaal. - pliospliojms £3p«a -soil to fci^ e»« If ph0s^h,o2*iB;# Im timm 
.itialtliig rof* tree g^^staa'.ife would s©#b likely tlist iiiaXss#-
Qt fiaigi for pimsptioims are MUSIJ. 1OW©I? ttiaa fcli©s# 
-&£. • t:r#«s^ %h.i.B el©s©K% woiilil •&# liialfclne »1,&® f-©i* ^imgal 
1^5## Sms# eii*ci«a-fe'rar^ s It seems unlltely m^eorrkisaai 
tmiQl mouX^ pjiosplrortts tine ©oii ©imbl# Its 
%i»aa«f#r t© teb# Ifc app®a». i^ i*# fipofeablf Msat 
•r^ jst t-fe.® pii0mp^wmm wsal^  tied up Sa 
womM. .%© ia tli# f©:f»,tS:/oa ia»y« 
. Hateb {X9375 sad in.tQhml%. #% cl. C3.9S7) toymd. %i»t m# 
flfeiaidaiie# ef wyeorrM-ss# was iia«si*s#iy pi*«Sipa2?tl.<ma3. t© tim 
•ftmila'bility or ©ssential nutrients fe© tlie te. good, 
soils tfe©sa autlio-rs foimd. aiycorrlilsa#. to few or mtes^sfe aa4 
m^er &ms% Wm "bsst «®#iMsg -^ C '^ 
©bseyvaticms la tiii msm'-mmsj t#a  ^fc® sap#»%. «l,«ia8« 
m% m&w JJB. Its s#-©0ii€ -ymm^ 1m% aofe 
toy tlaafc lj#fci^ ®3p 
wliifc# -s«s growa. &m .f«rtilis©d wainoeolated ^oil isiama ©m 
iiioetilali#d s©il#. Bi© data ttm Jaek pirn siigg«st 
that inoeulatioa w»# ©qulTalent to a llglit sp l^iiss* 
%l®a# ®ie fast tlmt s-oot tips of fertilised *#!*# 
-©mpftfel# ^apld sia,gg@»t^ » 
a%s«aw ©f i^ eorrlilsM iKntiri* tli@s© ^onditloms wmw "b© iju.# 
ts- d±g««%t« «f %&# %• -Fsorfc 
Ussiei* :^ oi^ iti©ss •®f natritioa tii® mhmoThti^  tips 
*#y# ssatly. ©©llulai' «:%3.'r4,*y. Is thm. wmftm wmm 
e-prmrBtitX-j f»ry an .^ ws -^^ e £mF»Ai,: 
Tiil^m.® tiiu# t# hm a® afiiiptefcioa %#- weiXm 
m^&T ttmmm eonAitlon® pyobalsly r0p5?»«a% m #£ mmtitalisa*-
Thm f aefc tlm% mg-Qorrhls-me ecr# f ©w or &%#•»% mh twmmm supplied 
atttritios %#»!; ,fi»g.i mm. 
weakly paraaitle and iacapafel® m£ #0!^ , %o m 
Th.^  wld«spf«aa os pis#» 
ia #sivircamaiit prdbalJly ©xplslms til© aMli^ - <&i 
•'^ mmm tr@es gmm upoa .>©#!»• itoiXs* Sa tlie abs©nes 
mwif Jtmts- imAiMmMe »«tls ta a'sr.^ i«&l,« 
•^ mmm goo  ^ erswfcli.*. #m%m #a pis# 
plia.sfiiei'iis. y©«pi©as©® feejsmd tim tlwmt- •mp'pt,±e&ttQm or 4  ^
pefws^m %#p pm* 'rnrnitmm  ^ Th.m la Tmmpfmmm: 
tb# 4S poBBda tFeateatal;., md 'b-@t;w««tt. 4S p©« -^s maS. 
til# «««0a€ n^ plieatleji ©f '%1B pmw&^m p0W mrm .^ sMgg#a^ s fcfa.a.% 
ft ratliar larg# applts^ atiea &f' ^b.e®plioi»ttS Is a«#€®€ ts 
iiaxiatim Yoia  ^ (1939) r©«  ^ Wmt |®ek p:la« Im tli© »#s 
r@apoaa#d feo applieatlona ^^apborle aeld. 
2.m&t fco 1700 p©*^ .^.g per &&Tm mt 10 pmip ment sttperpbospkat©,# 
OttF *©rl£ cosa©©felon wltli .tli®; i^ egalar ©^©x^atiom, 
iMi©afe®s apprmiaatel f iOO0 pnimAm p@y m&m of 'BQ 
##Mt :8up®i* l^i@«.p .^fc» pF®dtte«® growtii &f a vaFi©tj of 
pln©s aad otkef eosif«rg#. 0» fciil.® meme ©oil coa^atolag 
appi:»©xlaftt#lj 1900 p©im4s pmw m&m ©f tutal alfcrogaa,. only s 
sll^ fe y%mp&nm to iiitros@a *fta @viA#jat and tails ©»l.f af teF 
til® pl3,©ap&&Fm# ii&d 'b®®® a@%» 
fd ufetala »m# i4«a &f te* th© r«#p0iis#s 
©TM@ae®€ fey tipe© «®#d1.iagB woaM e^pa-r® wlfeli tli©a@. of a 
gjpass plant©ats w#r# gpow. on tbis saa# 0*W#il. s©il. tr©at#€ 
1» tE# saa® waj as for tMfi fer©®®* to tills soil •<&&% plmmtm 
(Rlelalaitd 105} a 'WO prnw mnt ^#»p0ms« %© nttr&^mn 
ftli# 'Ma:il®ra appllcmfeioa -&t M ©quailed 160 pe^wwls ME  ^ per 
aoF#) and .ai>proxiaat#lj aa ®0 pereemt; r®©po»B© to piioapliorus 
fls« F©sp«aR®@ 4isl aot "feifejoad fcli# l®ir©l 
ftjf 43 p@«aas %% P®** •aei'e* Si#s® smgg#«t that tii©r© 
i® * dlff«r»ite# in tli# £©«dias power-03? th# .r^ qairemeatss# 
pln®s and oats a® far as pliospliOBms .aa  ^ nitrogen a^p# 
T» < @ f e 0 i i r ' ' i l l ' • " "  • •  '  • • "  •  '  "  '  
eoaB#rii«4,. asd.. tlmt wl^©»t ^©arrlilmik® pta.©s aeqmlr© pho»-
p4is«*iis wltto. difficulty# AS will. 1j« sM©w l;«tfe«r liaMwood 
ge«€i.l»gs .««« %.o fe© atjle to mcqulrm pliositortt® "wltfa. ^©mfcei' 
#»s@ -OTji in tills rmspent m«r# fhe orn^Mm 
Asswalag m a4©ii»ftts- tmautifej of -am. awllmBl# &£ 
pli©spla©i?tts tm- tiie soli, failur©' t© mtjsorTb fef® €l®m#at ml^% 
du<©: fco {!) ©f t© •ftbsoi'li it mmS. pass it 
ra©fc and Brojmr,. 19S0), C8) r««fcrtet;i»ii • 
of iti© •&'b»OPt>lrig »»& eC feli© Boot 1025) • 101*  ^
est.ima,fe®-s asd# iB essmee.tlda witli fel»- sfe»#y mt ¥trcinia jfto© 
i»oo-ts sr©m of of'-
s^<oorrh.lz&l plants was ab-en  ^.30 tt»s 2.:«rg#]P tliali &t 
non'^ ^^orrhXzs.l plants*. aetlw it"b«0 f^eiag Bmim mt tihm tips 
M' siiorfc i*o©%# mt>paar©4 onlj about. «»©•». 
iMtlf mt m .^ ll£»®fe#r in ,l©iigtli^  wiiil© ^©.s# o£ fcli® afe©ri*M.s:al. 
mwmr&gmS M w# mat*©# «»€ (X&3&) 
.afeat© tl».t tlie abss-rtolng m&xm of fea*»3.#y yoots %m cttltmr# 
.sQlatims .1.8 &p.pfrexi»li©lf § «M* i» Bmrnmit^  {10S6) 
« &pp»«at .I'S-latloii of tto© 
sy«fc®a. ef pl^ sfen abliltf %© l^i^ spliQsrttS* 
ftti#ii fiss® e<mfcmsts tl» of gmss plant mota 
wltili, tli&t ©f a« tsii# .s»a®. -ti» ta&®.s Into o^neldera-
tei^ n la absorbing mrmm ©f i*©ols It is #asf to 
fe©li#» tliafe a mail total absorfelsg «r#«. lai^ fc hm mm tmff&nptmsM 
f ftefcor la fell# .Cm.ilis^# of »Q(»«-i^e.©jprMzal. #lm© tr©« %© 
.sbs r^fe piiosiiM»j!ni.s.* 
Ifc is equally pesslfel# tbat pifie ar« lamtol# fe® 
al5#orti pliospJiortis mp.i€ly ®nS. It ac2»#ss tli© prot<»-
X>ls;:-rdo rtosj^ ranes of tlie root# Koaglsmd, Cl'©37| and 0tl3.©2* 
woi%€;3;-*s at tiie plant imfcrifcion 'IfCooTatorj &f Wm ^sd.vmwmlt'f &t 
Csllf^ imia Imvm romid that Wm rat:©. mmlt. .aostmialalsiea 
plants is V( r-^ depenclent iipoa tli# atjtl.'rifey 0t a^oofc 
tlMMwern-m. bmA C.3.9-SS) 'li.ftv© .sTigg«st®d tfc&t fell© 
absorption rs€ ti*aRsfei» of imferieafcs to tli©. ste-l» depea€a upon 
t-li» aaiufcesaiie# of aeti^ ity ..gmAlanfes &eyos® Wm -e&i*t#x ..as# 
that activity gfadl#»fcs. t& vlth nutritli^a &epmm& 
mffmk; gi»#:€S:eiit'S mf ciJtfg-im sad, . M«Q©©rg® «ii-d 
B3?«a£#Rl« C19S1) .lift*"© fownd timt of d:l0x:ld# 
tif TOots £:» xi#©-#:gaai*y £ot pladspbat# .sfeseifptiim twmm. 
s©i.l.»# C1952) po»t«iifcfe©s tliafc «&s® pisea-^ amfe© 
1.S impendent apoa tM .i#e®--3.ectrii@ poimfe of tk® 
pro-fcopl&siiie of tfa# -.*»o©% in t# fS mt tfe® 
suripoiiiidliis soil solut-ioij.# Whmm fcli# pS, ©f tlie soaPi^ jsMliiig 
«©iiiti0a t» lii:g|i0,r tfce s® At feM..® p#iafc,. tli® 
aiealles hm&mm ii#g&ttv©l,j ©lmr^ g«€ ai^  pliosphat© i# .abs©r'&#d 
with dlffieaifcy or ii©t .s.fc alJ,*.. l#w#r Qi® 
point «f til# proto-olasEiic micelles, fhm l#»ir masfc fe© tfe.© pS 
&t ftla# nn.WT'mmdlMB aeiX soliitton If phos^ai;# l.s to l>© riapi.iSl,:x 
al>sorfe«€# piigg#Bt.s ti»t; If pXaafcs Mfiag j>yotopl&;gs with 
.a 3L#w p©lsfc s.»- gro« 0» mmutrmX <ar 
s.llgtifciy mold »3.t«»..p tli# ©f pli©g^a.fc# m-^ aM 
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th© case of ji^cor3Plxl|j«l tim tTmnmt•&!£?• &f pk€»«pii0.rii#» 
©r i^ owtla sti«iatoi*s, f ro» %tm ttm^mm t© tli® 
:ro©% w©«l^  resalt; in m sttrCa#® ©JT m%S0i%,ljag 
Iaer#as«€ atesorbing ,i»#& l># f®l:l.©w#d Jm--
©i*eit.##€ afe-s0i*ptt«ii-» A«eoMing fc# feh# p&m%m%m%0s it 
*omM to ia©r®a@»d st»N-
fme® «r«  ^ ©I* fcii# of i»o©tj itefeivJlty 
also© wiuiii %hm mm- is alterM «la® otliei* also is 
It hmm to#©i4 %li&t tli# j#.ek i^ii@ ®«#€liiags fallM 
til® Mfeftiiii#,. #,s6l©m.reaus Webster sisil# Mmy tli® seedling® 
tifastj «#;rs®4 off aiwi %3a# r®mmX&&Br mm.&m litfcl.;# 
growth* Mm Vbm mm&m&m pyogr#:e«#€ ©iileip^ais iot-^ 
wore ©fldont «id t© |i^ .gr#«slwif ia  ^ tiMsa# Okt 
«aj St'wmm ftg#« • worMag, witli sti©pta.,«ikf pin©,. 
ttiat aeedXings €i€ »©% suriri¥® is assd ©mltw©© if ttoe 
pit mh&uU 6.»S ®r %im solttbl© e.al.#i w. . BQQ 
Pftt,: H« «»g.gsstg tlmt falXtn*© ta siarfl'W is aot 4m® to a 
€»f smiU ai».®i«l® as ir©s #F pimMphmmm mlmm him 
pl.aat® €i#€ «lille in thm ###iliiag stag# at wrieii tim# %imw® 
•womM aa sapyly 0,f aafcri®ats witMia '^ ir 
o©tji®a©ss» feh.#y« Is aa of seliitole ©ai-ciya 
ia til© soil 01iap»a mggests t^ t Is dm# to eliaag^s 
Sm tiae- &t p#:ip»mbility of p r^o.t#plia» a»<l p#»sife;l;|' 
aisergauim&ttoa ©f tia# prf%@pla.m» Cl^ SSl sttritimt#4 
p©0F gx*®*tli #f pisiiile.ip©sa pla© ta alfealia® ^sultiai'© illations 
t© ebl<© r^€>#i«- #ama«€ th# iaalailii^  t© &bao.rb or %i*«ii.sio®at© 
Iwomrn Si© tA&t fclamt ©3il,.orc>sis <1M d#wlop la Jselc ptmm »#©€*• 
•Hags tl-iftt s#wei»sl aoafefe# sis^gesfc,s m ^€tCl-
cienoj, p©»sifelj ai*l«l»s aa m ©f tli# «x©#ss o# ealel'iis. 
c&rboaat# la soil the bJ-sk pH mim@« Stoo© fell# 
llagB »S#- as appipssiafel# l«foi^  tii#- #t«.g© 
Ife i.s frotssfele ttiat fcli® ehloyoplijll r^lg.iaall.j' in Wm 
tf»d#r tUmme -ssll tt Is aXs© 
%i*m# th&t pfessgliciras, mteserptieii w&s -llalfe#d« 
Sardwooa ®r 4#el€ii©tts '^mmm .gro^  ijslttrally as^  tmwm 1J##ii 
widely 1)1 as ted m%  ^ w&tmty of soil typ@® in loi^ a# 
aatmml mmM-tXismm i*©p«»0«liiati©m is 
m&miXf mud wttli gp^at diffIculty*:. Fl©li, 
%tmm hM-wm -fclmfc 
titl0a ar# factoi*® im thm mxS. mm&f 
•&f tmm 3 ar© tm little 
fee tsdicafc#' li#«r iap r^tant mm$X fs#toys aaj b#* &.®s« 
a«f^  fe# Im two »&^@s (1) gywisla. 'smj W&T  ^
witii, .anil mii®ii %li# general I#v#l of #©t-l f#i»feil.i.feyp. ai^ fS 
(g) soil f a«f ttltai*- ,%&.# ##g3P##' of ©saiai»»tifcli@s fe«t 
®xlst# »«ai.lag# 
Thm ®xp©i*ia#afe« €0serl1»€. Is' %Ulm. a^# fa*#.l.i»ljttar|-
la Bitfettr®. miA wmrm ts %«•!»: sewral ter#® 
s.p#©i##. ssa tm s#v«ral soils .subsoils..! {1| w©ll 
.s©»idliaga grew »ii. thm treated #.©±1 .CE.I wli®4^#  ^
gi»eir^ li r#.spoaa«s eould %# -o%fcmls#a ©.©m« of tla© 
aos #«.:rl;dl.la#.:r ©l«©»1iOjf (S) wiileli. ol* tk® ©.ommoii. na%ri@afc 
#l#»afes i,s, »,s% imp®rt«nc, .«id C4.) ^#.%iie:r felier© was a. 
¥#few«e« t# m g£f#B: :aMLfeyl#at and %!»# tuaafcity 'of %liafe 
pr«.»#at O,F *ttiraila&l#"' to tto# s©il«. 
Si# 0litali3i©€ is liM# f^ lliawltig 
ii®a.€iagst lU mm s©«dli»g 
C2) s#»41..iijg d#wl;is^®iifc oa imfcr®at©d. awf«e@ {S| 
tHm &t ealcitm aad i^ ®o-rrM.sal €#^©1-
• 
worfc *itM liai^ woods was eonfiu-M -to ®5#el#s*:. 
'Pk#s© w#jf®t r»4. oak.,, Qtieyeua boye&lis Sarg*/| g .^«a itsE,. 
Fy«;i»u& i^maTXTanioa l.a3ioeolat& Sai»g»| aud #laj^  
glims ffiaeyleaas .!»-« The soil material cam# Wm foll0wl»g 
soi»i:®s-i 0*-®eli.# , faiia, Wsl5®%#r «a<i Ames* 
411 plants w«r# ,sr0«a fy#® •»©#€ la ©f. 
/0»6S- e.%il5i0 f«@t m* i» femf^ ^aUss 
crooks# or erocks w#r® s«li or two l3f fcsurs 
ia @a .ar#a At Sfeafe# fwest at to»-d m^ssurlug mf*-
proxiiaat©!^  25 x 100 faet, sad a doubl# SBW 
r«»e® fc« rdifltt## wind Bt0TOiae«.t* 
.laeli l©lj mf soil was afte  ^ wiiiclx 
iXMlliriaual b€SE@s #r crocks *»» If tlm cont&tsm^ w&m 
%m 1"@rtilis«r' tb# soil was €i®p©d smfe sad iil^ ««l wltli 
Ml® f©rtlll»r# th# yroc^diire roll€>»©d la -aixliiis rerfcilisers 
was to fcak# mbomfe mf the- s«il «iiia wix • tlaa. 
wltii %M# -.to m. mwl-yins ejlima r^, .and %&• six fcM.s soil 
wifelTi tla® oth-BT i»- a like mmxmmv-m, 
4f%er plsnitliiSjt «-3^1- boxes mmA ©..i?0©k» we^e attleli«4 imtll, 
gei'fiiliiatioa ^SirouglMsmfc, gs'owlag s®Moa a %M.*i 
smloli &t mplm i^'im- asss wms ©a ^all boxes te y«.diA<s© mmtfmrn 
rnv&p^T&ttonm At%mr QeTmXn&tXon felie of a««dllmgs Im 
#»li "bmm to, spp:res:3s&fcely six qt ei.pp.t ajuJ: at a. 
lM%mw d,«fc# mm&U cscaatftis#'!' %mm %M.mx0d to tlire:® •timm . 
fl-onts p©r Is &X. fcL.lBiiiii ti» ImTgmmt &m  ^ a©s-fc. irlg j^p^as 
p3»a»t» wmm It wme fmt^ tSmti h-y ttil® soa» of fe# 
iab#y«2ifc gFtew-t.'fe. wrlatellltj fe© #llalaat.#€» 
An mmm. mad# k&mp Wm tkat w#r# 
xKit feeiag ss as poas-lbA#* Wafe-er *a.s mmumXly 
AppllmM mvm-wj- stii#!'- daj 0r l«ss fre-ta^ stiy ^mrlag. raii^  
&& ligfet Tor mmj ye.sf taalf©m 
witliin ©scla.s®# m.p«a* 
T0 imlp 0impm^r3,m .Wm fftFtiliiby sif ti» s©ll0 us-ea; ® 
maaij#  ^ of r«xi #» so» mr .all ©f tt2a# soiXs* 
fife®## (%} tot.al mS.^m^smm.:f. (2) dXlu^m 
pliospliortis, 13,5 «xoliai3S«mtol# 14) ©mela^ag^a'tel.# es.ai'-
CSJ pi;.|,. siafi C©) caleim «q,al'^ alen1i» 
All feramtoemts w#r#. repltemfesil either tovtr &r fiW tli»s 
%h0 repi-iemfe^s anS afc -F i^MatGaa 
wltMin Iti# area* Ail w«#« 
sfeafei.g%ie.a3.iy bj- feij® aumljsis mf sieWod mm 0mtl,iam€ 
Sait^ fteor C It 40 5* 
'Tm- Sffeefe ef Fftriili^ alslom Qromfh 
mith. &*MmXX soil. 
*tti® o*S«il s»H|, mm wmm. p3?#¥i©asiy,. Is oi^ o ot. tw .^ 
soil. mmwXmm m% %im. Stat© W&w@s% Hmrserr* Ifc *"« 
©immmm. foi- tM.a fertiX,i»tl©a. w©rlte f©i» rmmmimm f 
(1} Wm fee of ©si tills ssil, 
Ct| desiF^billljy ©f li»l»g »ea» f #3.atiir# t€> fefct© 
fer-tilis®3r ©f bsp^woods, wMeM te# as®f"ii3L 
Sjb fiwssrf- sad (3) th& fmt ^mM growtk ®f 
mpmi^m. as 'felattk «ai :g*»©^#a :app#«3c®?l' t© fe# hebtmw 
©a S€t»# gullj ^aakm ©B. tM.s aiiii*s®rf asii.,. tarns > 
ia i^#s.'btag & ..faetei? ta tills 
•Si# »#i.l ma,fc€#i.s3., p@pi'«sentcd tte «si tmwtMQum 
•&t fe# 0*1#1.1 Tis$,m aa'fes t^ai wms &m tlm sl,op«* 
Ittg of tli# st fell# Stmt® Per#st ¥«rscr;^, 
S«c* M,^ .. T»8S B«2S *« Si« *«,.« #Sii€y l«ai^  ta 
t^ xfcur# «id w«# %& br«m la -mXaw* As was gli©«t 
,ltt tli© wttla. e^alf#:^ # tliis m&tX 'Mm& m :pH &f 
6»0 «m€ sliw## It %© sonfcalm 1900 tofeal iii.%i?@.« 
g©m p«r 
ealeiam -^ 510 prnvmAm 
wi^  0*Sl6ll aoll sni. 
i*@d «ak* fto®!*# w®i*e %W6 ef #xf»srla®iifcs,. -mm- s%a^tiiag 
ia i»SS -ma& ©sattuaiag f » %*0 tiss»©ii#E. ISSt^  aai fete® 
©•t&fts* ia ltS9 for «»© s0a»<&a 
©aly» Whm fallowing w«r« ©» tb®- O*!#!! 
s®i3l.» 
-Qwrnmrn 2-0, 
M# S»«fi 1»0  ^ .®#F1®««, 
S:« l«d ©mk, 1-0, nitrosen**pM«#^ ©«# 
4,» R®A nitrogen 
. S% Q-^ ##a t-0, pte©spfe«^a« series# 
6# Gy®®» 1-Qi^  pljie»pliw»s ®0rl«a# 
. •^ ••. R«€ ©mfcjf. I'-Oj, pliospkorus 
Si* QrmmM g-O, potasslim s#ri«s* 
Im %k« l.S0&»:S# mltwmgmm wms «ppll«d «,s «s-
while- is 1939 it mmm api»li#€ as ®»ob1i^  
altrat## In b«%ii y«-»i?s was appll.-#d «#. »a#«»0ale:i.«m 
piimMphm.%m.-m. m# applied as sulpfeiat# ,^ ai^  
im •:all- ssd ^#splioriiS g-»ries «. eomstaiifc application 
K. *m« Mmfi#* ..Im Itlt all -container# wi^  i>a.«s%s. 
la 19SG wm^m refertilisea witli liltrogaa &ad «t:t& #B#-imlf tim 
quanij-.-l.fer pliosplioyms drlsinally Betii w©.» 
applied la solution r©rm» Ti^ & ^a«ati.fei©a mt ml..tp©g«B «si€ 
Sm ©:xp#i*iM!eiats ar# gi^ a la 
?.».-
l!»®rl»«fcs wifelt 
511® y^ stilfe# «litala#d. jCw tlie ait3?©g#ii s-earl#® ar# pp®.®» f^e#€ 
la 1% %Z «s<i © e«fcals0 iafen. for 
gmmk ash, fabl® 10 1*0 g^##» 11 -S-0 
©ml: la thm- 0-© l^a#i. sltf'#.g®a sad -».«-Fl«i,.. ma# 
l^ afel# .IS 2.-.© aa@:.s« i*«.s«lfe# «» lllm®:tr«fc#€ la 
10, ll., . mad 12». 
i^uiaafcities #f nitrogen and phosphorus  ^ ccraiptited mm 
pounds ©f HH and F®^" acre, applied 
In tS# reFfcllfzex' experiments. 
Z&WQt. 
1938-50 C2-0) 1939 Cl-0> 


























Lbs. X/os « 
cSEs 
Lbs, 
0 0 1*?2 . 0 144 . , 0 . 0 .. 0 200 0 100 
• I'.- - m 172 45 144 36 172 40 200 50 160 
• S- 72 172 86 14.4 144.- 172 80 •200 100 100. . . 
3 3.44: 172 172 144 144 43 160 200 200 leo-. 
4t : nm 172 ^44 •• 
Fotes IB sqtI^m mhowm po%m«slm was ac3<3©a at tli® 
fmt#. &t S60 potmds KgO p&r aera# .All ealeuls-
tiom# ar® oa a •volmm basis for upper 6-2/S 
lacli®® o.f soil p«r aei*©, 
iSatfi .pi?#^a#:ot»d la mfel©, B • for a*0 gr»«ii asJi sto» tJMtfc 
tiii® sp»0l©.s r#«i>©Bd®a slgalfieaatlf t# sadlfeiftiia q£ aitip«g®a* 
A» ©0spar«<t wltiM cii©ok,. fc#fcal 4ry • w»s lii0res»®4 
ftliottt' 48 pev c»at and total iielglat growfcla. SO p«:i» ©©at# 
Itesfe of fela# d iff#!>«»©«»., hmmmwer^ .^  dui^ lix-^  %h& s-eeemd 
y#a.r* Sopli^  1908 th.# %m 3i#igfefc v&m a.b#ut SO-
««ttt wM-l© ia 10S9 th# mmximm ov®.f tim eb#ete 
*a® 147 p©r c®afe» iacr#as® la -g r^omWk %b & resmlt-
q£ ialfcr@g®» ia ia fcfe« roofe®.* 
ia@.r«&s©d SS p#jp ««a% wMii# i?©#t g-r©wtti^  lii#ip®aa#€ 
©lily W p»T «#a.fe.» . a# gFCwtli wmmpmmm was 
Sabl© 8 
A>ir«]pag« haiglit ga?owtli and green aii<l drj 
feox of g-0 green ash on 0«Weil s©ll 
at diff®r®»fc nltrogea levels# 
" " Ho# of '"grcwtli ' feeds "" '' ' ' 
nitrogen i^ pll- • (iBelte&l w@l^ t (grama, 
»-.0 
m* 
§ m.*4 K»6 SO,E %m*%. M«:7 44*4, 
H-l 
36 1ft s.. S SM 3S.»S -fS.B 370.7 .Sg t^ 
s«»s 








.6 S8»t 40,.0 68.9 180.S • g«.S 53»1 79.5tS.-6 
ffet^ i 411 boxes F®e#iwd FgOg at fch© rat© ©f 1*72 
and KgO at tb,e r-ate or 360 IIjs* p©3P a.er@» 
averag© nmber' of plaafcs per was ^©«ap# 
witli %hm a|»plleafet©a|t. to 72 "Hs 
m©r® «, ®iis- Xmwml wms mupm^i^mw tm tUm S-1 6,^ pll#afclm 
SB per acr# wes If—4 
mpplieatioa sltbon  ^ mm  ^ mttmm of applLlemfei^ a 
»®» w&% etsti®tleall:y .sisnifiemat, !Pr«at»ixfc 
witM. r^ spe t^ to total -weight ajid total heigfet QTtm  ^
wm0 . sigaif i#®mt {at. mm p&r 0mA- M'mS.i 
mrnm- & • 
MximXf»M.B wmri,miQ0 at height isr&wth. «€ total dry 
w«iglit t&i? 2-43 g]pmmn asla, uitrogea series « 0*H#il soil* 







g#i^ % Growth. 
4200»08 
,  BBXB^X2 
X68?.96 
620•OS 
8 4 . 4  
Total 
Er^ or 
Total Dry W#isfet 






.difl-#r¥»6e.® to orr w<»lgli.t of w@r© aigsiflosutt^  mt t&# 
t ^#1* l»wl* on f«r S*4S gi*##ii 
pwmmmmfy9&. li T&hle &• 
me 1*0 gr««a «.»& wifclt l®v®ls 
of mm la fable 10» aats show tmmt 
X-4> ;^ #«m iM a#t r€sp<»  ^ li»»l eut B-S. 

Tmirn m 
lielglit growtli «»d ^mmn «aid 4.wj 
p«p box ot 1-0 ^®Bn asli on .»©ii 
diff®p0ut nltitOQmn i«v©la. 
" '' •" •• ' '•" ' "weigli^ ' 
Mltr^ fmn rspll- li^ iglife weight (^ mm 
lewX eatioiaa (imlieg.) Ccrms) ' 'l*0p ' 
W-O " • " , • 
Ok. 4 a©,© 44»e 4..:1 14»S' is^sfci^ o® 
S-1 ' -
40 l-bs» 4 €§•€• 4*6 14,4 
S-2 
80 lbs. 4 SS.l 4f.l 4,0 13.S m:St5:.-0 
iGo lbs. 4 is.s. §..0 to..;4 
SHs - . . 
A.11 b0x#s F©e©l"r©ii FgOg at tli»' rmtm ©f 200 %hm* 
md 1^0 at tlie rat® of S60 lb®, pmr a©3?«  ^
Tla# aws'ag® of plmats per box was fl^ ®» 
feeatMeats t© 4© «ii4 SO jmtaids of liS  ^
Fe.sp^©%i»ly,: w#®"# is, a© wmy saperiw to tii# fli® ¥-3 
appliem,ti©a 160 p&mu&m &€ W&  ^ was t® M*i« ©tli^ rSj,. 
but ia vi#* til® la©k of to l &,% tli# otlier 'XmwmlLm 
it Is bell®fed, tliftt this lB©y®a-0#t to. s©m# 
fsrtttitouB ©i^ etassttta©# aad. .not fe© fcb;« alti»&g®n, Sae faili*p# 
t&e®@ tF#-#:s to .r««poa<d to txitfogeii la ia. liaif wlttoi tli# 

growth, of fetoa® greem aala. wiil0l3. s!iow©4 a. ©ligkl .al tr©-. 
,g#». rmmponm daFiag Mm ttrmt grwing -»#a0©m* 
€fitta tor E-0 r#€ #mk ia tli# coabtfte4 
presenfe^d. im Table liL» fcfea <o>a analysis of ^ana»«# .at»# 
py®.@«»fe®€ im IS*. Sii« ##^1## of i Cl| 
C'tl %mm alt2»og©ii tigli pliospiionis, fS| ««i 
^isspbsra®, aad |4) blgli mitw&gem. mid Xw 
l?abl« 11 • 
Average lielgtit gpowtli snd greem dfy w©i2:lit© 
ijox o£ 2-0 rm& 0&k on O'lfell ©oil at dirf®rmt 
lewis of nitrogen and phosphors# 
grw&i Sre  ^ Brj w©l0lit 
'^ i»eatmtafe i»®pli- welglit Cgrame 













S 32.1 19.9 &2,1 
9. 
160^ 7 16.0 04..9 80»9t7.4 
All ^ox©s r@©«1^4 lUO fell# :rafc« '©f .li# 
lbs* acre# 
awpage #f ,®i«its- p®,:^  !>#«. was 4«©# 
M 
&aaljsis. of v&riase® of total 6.PJ weight foit 
2»0 F-0d oak, nitFOgen-pliospfeoms on 0<II©11 
^oure® ' ' •"'" ' ' '"15®sr^ #s "' ••"•" "•"• " • 
of #f of H®«i 
irariatiog :.. .... . .^ #qimr# , . • .^ . ... 
'Total 10 6306 •Sa 
S 1210.55 7*^4"  ^
Epror 16 2675.46 16 .^22 
^Eighlj ilgnlfleant 
.I». s«ri#s t.j»#Ats#at aiffe i^teea, as m#afc#ai?«€ ia t'«s«s 
%©iml <4Fy wsigtit, wmwm lilg&ly sigBifiicant-# .i3a%. to 
«»<! --fe® Imjtti'f' isi '&m 
mf 195S»S9j^  tlie data erratie* , flltSi &:, ttaifow. . 
felgli of %&« sli#«#4 i*#spoa#©» • 
tliroagli t»® of nitTOgea or mp to 144 Itos*. Mg pmw acre* 
WiSfe, a. of nitrogm il» s«# l^laig» ao 
»sp0as« to pliospiioruii afesw tlm low lewl. &t #il» 
equiml^ nt t© 43 ll:>s» tliat. s<3»wlaaib 
p3or#r .gF f^eli m® ©•Ijtm.laed at tlic klglier l#wl._ 
(172 ll^ g.. 1^2%) sii|||t©sts am1saxaiis®d sutx i^feloat# maa© 
i# is ss« ef" fcl3» Mfea 
ib»«=t»afc ©kf til© was, t1i« ItJw 
»4.ta»eg@a* -c-0sips,riiig; %til.g wltli 
mmm imr^ essed 81 ©©at aad total lieight 
6t p#:!*- Hei*# «g#:la tMrnrmmmm w»m- la 
2.1. 
old red .seedlings, ultj^ og.en-i^ lj.ospiioi'us 
»#i*tes on 0«H#i3. soll« L#f% to ll^ 'O f»Q, 
P~S  ^ S-S and stEKl S-3 sad P-X# 
til# X&9 ©#»!#.# b» wit^  tlx® wQf&%^ ?.S pmw 
ttaiji©- XS «soatml» fcit# -a*%m f*sr %»*'& a?## ©ate giro»B. !»• 319B9' 
#a 0«B©il »®£iw. aatft. iaalysl* mwm' 
la Tal>l© 14» la ttils %::ps0Afem«a'fc -mm-
Saoi t&Tmm lielgfet or total Ary ffeiglit w#:^ « «^mti»fci©ally 
nos-signifieantj, wlill© <atfr#r#»e©s In wl^ it #f aloa# 
•*©.» Stgalfi ©«»:%:# 
fabl^ 13 
&w-r&s# teigtit growtli and gr®«jt wrf di*y" "W#.ii^ %: 
ff#!" "box of 1-0 I'M o©k oa 0*K®11 lioil 
at dlfJCerent nit^ ogm l#wls. 
"•' • • •''  ^ '^t ' '''' ' ' " Ws^' wi&C 
litrogea r©pll- weight Cy^sT -













. W&%mt All t>ox#s i*©©eiTOd PgOs afe tli# r&t« ojf 200 
ll3.s« aad at t&# ra¥# of 360 lljs  ^ per a©rs« 
av©i»as« Buafee?' of plaata per t30X wa® 
S4^7 • §#4 S7»0 
m*B M 38*4^*4 
mrnW BmB m.*6 3f,xt2*0 
Qm3 ll»5 ^^5 S4»7 42,2^«^S 
Trnm.® 14 
t>£ Tapiaio© ef ,l3.eisht gipowib  ^ mud total dry 




























All aitr«g#a lewla wmrm t© tfe© ela®€iE,, bmt botli tlyg. 
1*1 :SpplS..eatlon .0f #0.1l5S«- BHg aiii. tli# .1»S mppll#ation of 
ISO Ite®... IS  ^ wey# t© tlm S*S applls«t£©a ©f 80 .lbs* 
SHg» lii© gm®2?ml sugg#.©ti« Is tjuat tli# osfes w@« ^©.spOBdiiig: 
mlj to til© flFst of tli® S-S 
wltli tli# total dry w i^glst lso^y@&s®d. SO p®i* 
#©st. a»d t©tal li@ig.k% gjpswtfe. 11 p®!* ©©at.. Aga.ia. 
liier#a@© «f grewtli -waa gi»®a.t©:@t ia tim ^#.9,, S7 p#r e#at,-. as 
eompai»»d witli tli© 26 pmv #©.at.-
-®ie »lt:rog®m dmtm. takes as a. wtel© alaew tliafe o» tkls 
0'»:i#ll saady i.o« sell eoataiMd 1900^ tt^mX 
»lti»ag#i3, per »©!•# saall yespoases w#r© «h« tkls 
©as 0M red oak, series on O'Wsii ssli* 
t0 ri^ tt M-0, H«Z, M-2, II-S» 
•as.-
•eX&mmnii wmm add«4» ixirljag tli© first j©ar of" gjpowtli t.la.@s® 
resposs©# w«r0 CrM ©ak,}. aoa-^ xlst^ at asfc)# 
a#0om5 j#«r .%ii« td^sl r##p!®iis# ^d© hy oak a#li 
w&s sG«wfaat -si»est#F» Sli# r®»poas-@ thm y&mp mM 
Mim larger • i^.syon.Bm a#eoa€ y#my mr-» te l^-l»w€ to: fell.# 
followias factors*. |3,| Durlag ISa.® flBst j&&r 'biim wBrndLllxi^ 
rmtm <SLA e®spl®fc«iy #cempj all fe© soil is bh.0 
C^l C-Q'afeiaml wAtmrtms. tts alfci»«g#» mMm mwmll&hlm 
«#*feioa is tli® &Mmmk md l©&©li#4 
til#. aifltfM mltrogea thm mthmr- boxes••. ye-sts im<t® aiiFls .^ 
tk# Imt# <5^  ^ 1938 ia telae .g«aii aab. -Mtrogeii series 
sfaow## fchafe llttl# smilafels altrog#!!, was I» tia.#a® 
tests ttiferat®. aitf«g«s i^ aaged fmm. Q«S t# 
asMttl* BlfeFogea fi»os 1«6 to SmS thmtng s#e#ftd 
s#a.#i5a %h& iiitrog#a treatmeiits w#r€ i*®applla.<i« 1% Is ball^TOa 
mm% »ltrog#» i*espGas«a 0l3fcaia#«l tim ..«#coiaa .f««F w#r# du# 
fea tfe# l@we^l^ of tla# nitrogen Isir^l Im tto.® thaa to 
ait^.S#a a4d®<l t-o tbe otli®i» plants. 0) Itoljig tti© first 
also .^ tts.® mttro'cen stored tn fcli® «#®d safcis£t©4 soia® 
of %hm aiti»eg«a mmm&m ©f tii# *^ls was «#i»eiall|r 
tim© ©X til© 
Si# f&©% of asli was l#ss. ttiaa tliafc of* 
oak b® dm« fell® mo^rm WM-tmrnlwrn .£i'bx»oti.s root o£ 
til# ssli* Tim dl£tmrmnm-m la tl»# i^©t mjmtmm of tli# tw® 
®p«0ies *y# slaiwi im Flgmre IC, It Is 110%## tlmfe ia«r«aa#.ct 
gx«®wtl3.. 6# a fesmlfe or te®ata#st was gi*#mt«r la tli© 
Flga  ^ IS 
Hoot g»#s. .sail. m.d oak 
t©p tiian Sm fete.# ts Sa &e#0i^  wifc& amilabl# 
da..ta wiaicii .stew fcliAt tli« rmfcio Xm gfimm r^nXXj icsw#.r.®-A 
Ijj tb:© Mdi.Mcjfa ci^  .av.&lla&l# %0 tb»' «©ll.. -ai€la-« 
Experimeafea ^K>si>hor'us 
Tim i?#«ttit..i ©btaiia.©€ wiQi tli« pimmwhrnrum mm 
•pr©s©iafc#A ia IS, 3.?,: a.i^  18*. 'fmbl® IS 
dsfca jr@r gr©#m falsi# Vf g»mmm mBU.^ ast TsM.# 
18 .fw #itk* ^#»# mwm  ^ tllrnaismfc#*! .In, .Ftgaa?#® 
14.# la .^ and ie.» 
•f IS 
Ji.¥ei*as,© bsiglit ipr*owtii ms€ green aad <li»y weislit 
per l5€sx of g-0 gpeen asli oa O*!"#!! soil 
at difrai*«ni pliospfeorus l#wls# 
'•"' ' • 'Eo. or 
Fliosphoms repll-
Haipit 
ilnchMB} di*©  ^weigiit Drj 
. level catiom 1MB 'Xiss TQt^ l CuipamSi 
'•"" "¥-.0 ' ••••'' 
Ok. S m^2 4S...4 62.6 1S1*& gS.«7 .§.e.»l 77»st7.^ .0'® 
P-1 
43 lbs.,Fg% :S 4a*s €5.4 sa t^ SIO.O 30»0 Sa»l 9t..644*.l 
p«2 
m l'bs.Fg% S 40»S 48*.S §t*.l 199 • 7 a0«,l. 58»9 8S»04S«.4 
172 lb#..,.%%. .f S9^5 46*.-S SS.#© i§a*© m-^ *r 56 • 5 S7,Stt*S 
P-4 
344 lbs, Fg% S 40*.O S6»t 1».8 2€.».t SS.l f#, 5^5.6 
Hotas All bo:i:#s r©e©lvir€t mt 144 lbs* 
and %0 at tiie Tmtm or 36Q IhM*/ p®r aei*## 
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w © |- •s . .. .t 
•5*^  *r4 
Mm 43 © w 
*4' .d 43 1^  
4d 4d 
«l| 
,|4 Q 4^ 
w h P s 
 ^ 43 
& 
&i iPf 
@ 4 Sj 
*4 
t3 # 6} 
43 
p a © 1 1^  i ,. 
a o Ti 
fch« ,P-3. asA growtii. decreased as ^'kmmphjOf3?m.m waa Im-
©reea©€ ead. at l^ -»4 tti® a®©dlisga w#:r® ms swiii ©r small ©i? tliam. 
tli© eljeek Ife® s©«.€ltmga -bmafeftd vttU S44 pomAs %% 
w®:p© slgBirteantlj .smaller fcliaa, fell©:®© wmmmlvlns 86 poimds 
PgOg ae,r©.» Bftfea mm atfflly.s.is of wmwiMm-m fo  ^S«0 gre i^i 
asli. mr© r^esemt©  ^ ia M« 
Imfel© Uf. &mitmltkm. Iti# fiafea I»0 g.,i?©#a aah mt tlsr«@ 
X#v©ls of fe#ee sliow %iiat 1*0 -gr«^@» aala dM 
TmXrn m 
Avm^mgrn height Qrmtth &IB<1 mm$. dipj 
per box of 1»0 gr©©a &&h -mi: §©11, 
at different ptospli0«j.s Isveis* 
iOm 'Total 
,Fli©®pli0ms I'epll- kelgkfc 
.lw#l. 
Gi»ew 
welgMfc . '(grams) 















59.5 C.2 lt.,S 26.»oix,.,E  ^
61. f 6^4 ai.».S 27*7*1.,.6 
St»3 5 .^4 It^ G. 
63.5 6,.0 S0...4: 26.4 .^0 
"i^ SSsla:^ ' «ri»Or » ' ".ir.,;.,r::,„«:„n,:.,u.. ». ::..K,.,, 
Hot©: All box®#. M&m tli# rat# of SOO lbs«. sad 
K^O at thm i*at« of S®o I'fo.ii,. p&T avsrag® 
nfmiber ot plaats p©!* fc©2E was f l¥#» 
not Tmmpmk&. to «id4.itloaa af pli0«,pbd.rn@ to fcliis @«sll.«. Wlt^ la, 
til© rang® of ,fli«gplioriis l#vel,g. (0 ke 2 30 poima® 3Pg% a#i?#l 
•Figar# %4 
oM pbosplioms series mx 0*1® 11. s«£l» 
to F-igJitf F-0, P-1, P«S,, t-®.# 
Flguy© 15 
0a® green aati^  pliosplMsrus s©fl©s &n 0«M#11 soli* 
L«ft fco P-O, i*-l, P-2, F-5* 
< ef P' 
10 iui l«Ali <5. o o S 
g $ 0 & o o »s 
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0 H 
m P H t H 1 Cf 1 W t 
ct a o* w c f t o  © H • o pf § 81  ^p. m^ K »• @ i' O P #. '• 
ct 6# ct 
ct- |y o 0  ^ m' » 0 I**# »» •© © i^ % Id ei 
% P •O (-3 P !;»'^ s tf » CP 
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® P« H O O # 
» P w c • ^ • #»• '!& fw^' W ' » «sw 0 
m ® OH H # H o 4 p ^ m 
m «f* PI cf 
# m © K 13^  m m 
»3 p ct © © •4 # m Ci P P tf o • .  » • 
* IS & d © ® m o ® U! 3 H» 
cf Cf* o* <5 
»4 •0 @ p © 4 @ et Ct-ps* • 
# © P H O M Si Q HOM •• m •m IJ®. 
P © Is* H 
# ft # • #• « • t!8 
.i"w ,% jA H SS , cs m til *>3 
11 pt Oi cf-IT i O & tn «!• ct ct 1^ 4 H a ba Mj j  *l. tf & -kj- p •C»' M *© e »0 0} »• • tf :» # is • 1 ; m a 01 Iwl •f** H »^ . ». 4 d ft 
'& S 0*0® u m •|© f # m •• ©. ^  #• m 6? 1 '^ s # H Q •' # _  • • 
a • r t-^  ' , -4 "«3 m 10 
* 0^ € o P # P H © 0 ® m |w4 p , * O •» & m 
m H # • • #• B O M m -<1 m o 
n i 0 If M- 1 + 14-it s •iCf' m a »:..t 1** P) • •  • » « • 
•& 0 •0 0? |,-,p| 1  ^
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la fcerm# 0,C 4.WJ *«r# stftfelsticaliy 
whAXm, lm:%:gbkt Alffm'm'mmma w#s^# »©a^»-s;lgiiifiem]ai%*.. 
I# 
Iniiljsls or ¥ai»laxi&@ ©f lieiglit growfcSi and total iSi'y 
welglit Tor 1-0 red oafe, piiospiiorus series on 
#oai?Nfe# 
of of ©jf Mean 
mrxaticai. .^  . . ggaarei 
Ii®igWfe Sap r^^  
fofcal m SS0.4 
S 10*0 6»0 0».M 
Ei*rax» ». S12«4 
firy lf®lglifc 
Total IS- 161S.89 
^Featm#afcs S lOW.XS B.m  ^
Error IS G21,71 42,73 
tealysi® ©f bh© 0*Hetl .aoll It -fc© &mAmSM S7 
fioisiis #.f &<sM**s®3.at»i# pl»«pl»s:rag p«r nfiif#* 
e«€ifei0ia» 1--0 aA mmrnrn-M & slight- asa ©tatia-'-
ass-signifift^ t fe« fl» 2*0 ,gr©©a 
&mh mimwmM. a silslitlj gremtei' vmmp&mBm hn%- mm. 
l,a fc#rats of dry Ttifeif# was n® «irl4i©.*s«5-# tfeafc gs^swtaa. 
*a« ft» s 9Js©s^oip«s 
femt ^vmrn mm m&mm- &t 0mm** 
pimwmm. ia ®ea%msfe#d. with g^mmn tbm^ 1-^  
Figam IS 
Cto® jmm* ©id r#d oak, pliosphoms series on 0«S©1X ©oil* 
Xi«ft to rights F-0, P-1, P^2,^  P-3», 
QBk, & re spoils© throu^b. felnr e# of 
•pimmpMfwum mp fee tOO p^wmls fg'% pei*- It is pFateably 
%w^m alg® tliat tii# 2-0 rstf e&l: wm« stoowing s i^a® yeapeas® 
plaosplioims*, 
fft0fc felmt r®4 ©at: phmmpimwnm wmmpmnBmB wliil# 
.g»©ii a.sfa not suggest.® tiiat i.s a©.i*# n®arlj Ilk# 
tli.® «s.oaiJf#M in Itm pii©s-$»liOftt® wmqu.ts'mmBmtm. &w 1» its 
te© mo%ai3p© pim-Bph&wmm. tWQm tli© asll..#. 'fit© €lff#ip#:iae« ia tli@ 
r©.©t systes# r.®d. ©.al: aa  ^ gwmmm mmiif, m..s .ia 
Figttr.ig IS-., laiil©a.t®« tliftt .frsa l^i# st«a!ip#ta% ©f swfa©# ar#& 
&f slsaaipfeii^  ro€it® asii hm Al© %& ao'F® «ss.l.ly 
a. s-apply of a limitin(3 %lias w<s«dL  ^ Wm ©sk., 
Expeflm^ntm with potas i^tai 
Ttf ft.ss©ertaia if p0t«s.et^ ws wma l,isit.lsg fe@ growth ois 
i5«R©il m»l% as #xp#ri»«iit aslRt. .gre#a mmM wmm mmt mp# 
mpafimeat wmb mt tm wimtiimT p©ts,ss.ltm. wms limit-
.lag g^owtli. i*i. thm imtreated and t% was llaifcliag 
p©.sslbl# a»d ^#spli@Fms €#f ioi«nei©:» toad ^#«a 
©errecte ,^ F t^asslim was added as fli« &m-
smlpliftt®, phompkmmim mm isisa»—eAi©lwa pii©:spto,afc©» 
rmmuXtm &ip# prmmwmtm€ tm SO ataS. ll.lmstrafc©il tn 
Flgo  ^ %%m 
Tha 0*B©11 s#il tts®€ ill thXm #xp«r.ia©i3t- poss@s.0«d, Sl.O 
p&mmMm &f @»laa.nge.atoi© psfewsitm per acr#* t-r&m 
fabl# ao 
- M-wmT&sm gyowth maci gi»#©a. .mad drj *©lgh% 
P0T tj©* ©f 2»0 gi»«©a ».s:li @» 0»l$.i.3. s©-il 
wttk -and. viMh.&u  ^ p#tassiOT^» 
' lfo« dr Hei-^W'srowtii Careen .apy wei^ts 
repli- Ciisches) -CKraas) 
ea tl oas i9Si i§g§' 'folg (i^ gama 1.: ' fop" Mool''%&tmX -". 
Illi©©k © 37.4 80.6 5a,.0 154.7 14.*.9 €7,.# 6t;.,.Btl«# 
01i#ek S S 33.^ 0 17..,8 S0*S 151.4 1S»1 44,.2 s9-..sts;,,7 
1? 5 39.9 42.7 1S6».0 S7.6 .54.i 8S..5t3.1 
IfK 5 m,B 42..2 74»Q 16S»7 2S.»3 4t#,t 7B«2ts^l, 
error# 
llofees Potasaltm wm,s applied at the rat© Qf 360 ll>s* 
^0, nifcrog#!! afc tlaa rat# of 144 Xb&» IHg, and 
imospaiorus at fcl» i*st# -of 172 l"bs* Pg  ^ per aor®# 
The aYera.^ ,® nw®b©y #£ plai.xts per was Tour. 
TMhlm go lisdieat# tbat .p©ta.-ss.im *as a,a.®q[ttAt# for tiie d#^©l®p<-» 
mmt ©f g2?#@K ash* data als-@ IndJoafe# Wmt applf-lag 
potassitia at tb.© .rat© ef S60 %0 p&r r@tmrd.ad tii# 
dowle^aafe of asli s#®dlings». 1# w&b ©fetal»ed a .^ t-o 
film m0efe.anl.9s SmTOlwd ia Wringisg r«ta.?d.ed. Tli® 
InJiirj my Imv® 1a-asa du® %& :Mgli ©olmfce lewis or %m potas.sliia-. 
ealeiiM Aufeag^saism wliicli res\ilt©d la lov #i?«d atos®rplbi®u of 
©mvldsoa mud .Blaka {19371 f©imd. tliat Isfg© Quantities 
of a-rall&fel# potassiim i'®.sult#d ia ^«at;l|f .sbsori^ -
tlmx a,wa i»©diAe«d aba r^ptlQa of ©©l.ei» aad 
i?ifisn#.sltm* Oiad.#!' fe.h©s« eoad.iti#as a follag# n.®©P€ssi® d®"®-®!-
oped lii. p#aeli ©©©dliag#* - Vma itftali© (19 )^ i»«p©rfc#d simllfiir 
m 
jmrnr €>.M green aaii, pdtawli® series mi QHimiX- s©l-l. 
hmtt to rlglita 'CiseNg^k* Gfa«ckH^K, 1?,. H?E« 
result© .and giir## .a forsul.a for ealeulatijag tlx© abaoi*pt.lo» 
of an# ©Afetoa at a certain lu tii® p»s®ae« of 
wATtmus .e0Bo@ntratl«m# of emtisuB* 
gxper-iaecit.g witfei oth.ei» poila 
"i iiii' rr i iiiiiiaiiiiliiii'tifiiiir iiiiwijiiiiiiiMirtiWMiMii 
Baa «a^k o» soil was tQlXmmA la 1940 h-y 
«xp©rlm«mts siite,®©!!..® of mMifeioa-al .so,lZ s®Fi#s, 
Hi« «0.11s -^©§#11 w«i*© Clarion,. Liadl^j fsraa.* ©a.©®® *#.2?® 
sel©#t®€ .t© m. rang® of soil fli® 
Clap.i©n gmbsiiil i?«pr#s®.ats a M i^ly oalear'^ ^ma gla i^ml 4?lft 
iiftt©j?la.l| Wm I«lndl©y «as st;i*en ly «.0M and., l#w to readily 
s.olabl# pUmsyi orasf ted Wama is .ft Ise-ss »afe#rlal, ©al^  
.aligbfclj fte.M and r#latiir©ly Mgii In r#m;d,ily golmfel® pli®®.-
la ttm'Mm #xp@i*ia#iits gr®#tt aaii,. .aad feeriemu 
#1m. -wai*© mm m.mU .eiifts©ll» pl»itt:.s w©f® g.i*oim, 
s«e€a in h&m&B .im -a ma«i.6F ®lroa% 
r#d oftk.0 wey# plaated April SO,, %li© g.r@©a. asb. .Smj 1.,. « d thm 
Aa#Fi'©aii elm Hay 20« After tla© e#©iilliigs tMisieil 
to p«:r "feox* All t»fitaent.fi w«.r® r«i>l£cated tom^ tlm&m 
and.. t».&ta®:sfc8 raiiaosla#d» 
fit# t£^#.afea©at« mppli©€ t© soi.lg w#!*© Alftmr^nt 
ttma tliosa u.s#d wltii tUm 0'»H©11 .®oil.* Only onm tmweX mt ©s.e.li 
. was ii«©d witli. tUe ofejeet of citttenalniag, 
groivtia WMB llsife«d. ,fej a d«fleiea©j »f tli«t ©l»a@at.* 
«r#. ©iitl,ia#ci la fabi® 
0-l.» P«fem.@.#S.aii wa« mil##d feo mil ^#».s s co f^fe f tli-@ :1P teeat--» 
aeiit ©J" fell# Sltti*i#a satos i^l,* In -ri®* ef Mglili' ;eal0mrec»tts 
mafcias of tiiis: subsoil it was thoujijit fclmfc s ea3.®i.«a^^©t«.®s:liis 
aatagmlga "mS.:^ t exist 
oiOiX by felie- s©©dlisg8 aaiS, 3?#«ialt i» i*#d«©#.€ g^»feli* By e.oa-
parlnc s'#ss3.,%» mt tim KP wlfcli ili©  ^ IFE 
po"tmss4«m a©riel«mT cotild 'ae fli# Wf 
w&m- not us©4i mi tlie imn-^cmXcmmmmm «m4 t'lMi mSSs*.-
'fhes# w#!*# terminstsd is ibli« fail .XS40 a»<a 
i^ «#:ttF@ac-Bts wms*m w#iglit of l-e&v#s.^ . wel-gJit 
&f plant wltJiout total ^ w f -  w m t ^ t  m i  
t & P f  4 . T J  weight <s# rootg.^ , and d.i*j w»igKfe Stf #ii%lre plant 
®ae ^*1* w#r# lay, fctwp 
analysis ©f ii#t3fiod« 
Ex-periaeiita witti Clarlos .subsoil 
f^ li© aoil .ma.t#Fiml us&d ia tli#s6 F#p:r#s#ats 
0- m- Mi# pmr^nt txi tlm QMwt^m.. 
Siis m&.il m&m mhtmSm&A twom as mc^mmd i^?©a,a ©m% im 
til® Slf|-, &t feh© IWir,#. S«#tioa 15, SSlf, .maiig© S4Wj^  StM 
prlseipal a#rMt.®a* l@eafc,i^ ©a is l» w«;8Magt«». te*a:aliip,. 
Storj lemm., thm material wmm tak^a mt a €'©ptli df 
6 1*##%- from til# -a-iajrr®^## I^s soil «fc#i*lal Im a psrfe. of tii® 
Wi.iw3©a@l» dFlft «ad ®«.s -:«. y#ll.» #l«y wltti .soa© gmwl.» 
m. 
and maaber of i'»@plieatloas .Js 
subsoil f«ii;ility ©xperiment®* 
Speeles 
Soil •.iime:rl©an 
Series we-awes.s a#4 #afc. Groen miM 
01i@e  ^ #• E 4 4 4 
fE 4- 4 • 4 • 
ClaiiOB Mm 4- 4 4 




Check • E 4 4 4. 
m 4. 4 # 
-
Mm 4 4 • 4 
m: 4 4 . i 
aUmch • E 4 4 4 
-« # 4 4 
'Vmrnm.-
HPX 4 4 - 4 • 
IK 4- # 4 
F©r^fcilis©i* elements mpplied as rollcf^et 
!• F3iQsplioi*ua applied as aono-cslGiiss pho«pMa#« afc 
feb@ rato or 200 poimds %% acf«# 
2m llltrog#!! applied AS airaaoniua iit'b¥»afc© at tli# r»t© 
or 80 pounds p©3? aor®* 
• B,, Fofcassiwai applied mm Sttl.pfeat# Mi© 
rat© ©f 210 potmds %§ pmw ser#*. 
All boxes e-oatftlai.Bg slfcro^sn wei?# giwn « .»@#oa€ 
&X?plicatl:!@tt iiiti«og»a mn JuXj IS-IQ, 1940» 
It imd mim mrntj bpo*m ssd an mfeusiSaiae# of lla@ 
wmA featasg# mleag tjli# Foa# -eafe s0-<»4 
ajid *@r« as- t^^ esfes or ao%%l.®s la€i«mfciw &£ .i*#»-
4ueins conditions In tti# «»£1* 
& si^ ie# q£' simlys«g' w#^# iiade ®a tkis a&fceyl&l fe:© 
aM is elmm«t#ri2lns f%• lb,# p«smlts of thmmm •mg&ljsmm 
mmm &M .rell^ ws-i 
SaMia  ^ carbons-fe® #^ai*ral©jnt.14.S e#ali 
* •» .# # m •»:»•»•.»•«- »,# 4 S,»'5.4 
• Tafeal witrogea.SfO pomda/a©i*s 
Dilate SQ*4 pstasd:«/it©r«  ^
a«li«ig®a.9le  ^ •*•««•••••»•*»*»» 4g2 
The se-estiXtm of #xy-eFiiaemts ©a t'kis :»0ii ai*# pF#-a«afc#  ^ la. 
!Pmbl®s 22, 33;, and 24, mi4. iilwti»ais©4 In Fl.giiro IS*. 
2S contains Mm data fop Imll® SS t&w i*ed ask,, aiift 
fa.'bl# B4 f©.i* #3»«. All tli# s#e€liaga g^^wing Ofi feiil# 
stifeiioil dev«l0p«€ clilorosls wixleli was a©at wl^  tlj# 
&Am r««#.£.-^ ag wer© ia g#ii®i*sl -®.li^ tlj 
1#®S: elilopo'-fcic tfion %lio«« »ot .r#cei"yto  ^ n.i%.i':S»-g»a.» ili© €at& 
f€?  ^ --saalysl;® &t 'l»&s#d pa dry w#l.gbt; plmut 
.ar» pr&.t©iife#<l .ia •!F®bl# gS.» ^#.s© <lsta indi-eat# tim% aa?# 
signiflemat differences la fim tfoataieats, fe©tw©!eii thm @p#cl#s,, 
sad. la Ml# *aj tii# s«wi*al reaut m. %b.lB #©il« 
.data f#r gi*#®a mail# px»#»©s©©a M fiatol# tt.-, luaisat# 
tb&t til.® #x©#p't; iGit wife 
lim-v® r#sttl.t@S ia s.l.lglit.lf liie»m.a#€ .gr©w^&« 
mm# 2B 
A-^ #i«sg0 grsswtb and gr^ i^a sad d2?y «#igjit; 
.p«r of 1-0 asli on Clarion st^ s-oil 
 ^ ftFsated f/ifcli different TiertiXissrs*. 
Treat-p repli- welgiit Xeaws . . (grgjas) 
mmt catlom (iBohes) {grams) (grams) Top 'Eoc t^'""' ' 'TotaX' 
g # B4m4 g2*l t-,.X. 2^3- s»s. 
FE 4 2Xii5 15.1 l.,f 1..S 4»1 S,,.9iJ0*§ 
IFE 4 SX.6 4,1 4#2 t*X X.S»#0.,6 
HE 4 •26«,8 4*S •r.s 11...^ 0»S 
m 4 BQ»Q 26 »t BmB •"AwX. • ll,sio.4 
error* "' •""' " "" ' 
il&tmt Eacli horn memMwktxmd S pl«atm* 
Tmh%m 25 
Awrag® lialglit gpowfcli .ma4 green sad fijpy w©i^ fc 
Ii©r fern «f X-0 ©ak on CXmrloa aafes^lX 
wltli fertilisers* 
''"•" ' ' llo» or Total ' " Ore#ti " Drj -w l^gii^  
*fr©al;« repli* lielglit wai^ t l«mv#s _ „ Lyrams) 
.»2SS---.£S£S£B5--Ji£S^£l~-i^ ^ i^---.i.^ ^^BL*JI^ SEZIS^^ZZZZ l^S 




 4^3 1.8 •m^S x€».lix»4^ 
fK € ' IS^X •3*.S 1.5 9»8 XX»3tl.*0 
'SFK x£*e 2-f^ S S.B X«S XX*S is.xto.5 
»K 4 XS-)ii6 X*S XS»4 14.gil.„0 
4 X6.S  ^ ss«o 4.4 ^ 0 &  im*© lG.C^S»i 
notes Eacli^  "ba* e«»tsia®€ § pXsafes. 
m 
Avsrag# lielgiit growth and g"r@@si asd weight 
per box of 1-0 Axaerican ©Im on Clmrloa subsoil 


















K 4 . 18,.4 T.6 1..S 0.-6 1»6 
mi 4 10.7 S*4 1«6 •Q^-1 2*.4 
V W K  4 l.g..7 1*8 1.1 g*.7 S#9to»© 
m 4 2G.0 10.. 9 0...CS 4*0 t..»7 .^7i0»2' 
It 4 07^S XS«» 1.».6 4»0' s..si©»s 
lfot©s Each eoatain®4 3 plamts# 
fafel© MB 
.Analysis of TOFiano® of total drj weight T®d oate .^ 
asli sBd ^eriean elm on Clarion awbsoil 


























i^gMy si^ ifie&nt 
/ 
•»XOG*" 
Figws -^ 18 
Dewlopaenfe or oM s##Aliags ®ak 
( m h Q ^ ) f sr##B »@li «»i Aaarleaa #la Cl>sl@w). 
0a Clari^ a to- X'lgbtt K, FK,, »S  ^
*«X09* 
fcreatmeafe# witia tim- mtmmM mn fefe# fessts 
#f te#-fe:al a-ry wml^ %p it i® mmmm fciaat ph©#plii0i?ms -a«pr©»s#d 
grwtii gl. wr ©«at, "ssail#- ait^ #s#a ia«SF®«LS»a IM'S6 p#3? 
asA feii#: iii.fc««i.g©« «a5 pfc©»pii#ra# ia©r#fts#it It 
Wy 77 p#r !&#»%* ladieationii sf# t^ afc wss .m©#t 
limiting fe& fcmfe %to% «»## tiae liiitl#! ultrogm €#fi* 
ir«.# f wrtfeer gr®wtii. fe-y; afidlag 
A .a«iap«Fl0@s ©f Bf'' sad WBE 
tfaftt &il€ltl€ttt ©f p#ta.gal« %y m.gpr#^s« :^#lf IS 
p#:r s -^ laflie&t?# ,p©t'a®;«ima *&s l^lglitly 
llMltiag*. , f^M#. pF©liafetlityif„ fcbafe tis@ IFK 
was signlfieajitly 'bett©!? tlse ftb#ck, w«# m% feli® 10 
p#i» Xrn'wmXm «r# 
tliiSy «!»« ©Mall «ad if 0mm %mM%m Int^  e-©asM«i»«tisii. fefe# ©lil©-
#:#iiditiofi mf Wm -«n-d «cwpaip#s "A'th. gs^wlag 
o» til# eftiiep subsoil# it is e i^d®tt% soa# Jfaetor tlisii 
plio8pliorm»,if. mt potassi^ i^, was liratitiiig g» i^rtefe» 
T&ijlm SS #»stfelfi» dfttft fm »!i g^owiag -mm 
<S©apftrliig til© diff©r#a% •%i*#:.ft%a#ii.%# wlfcli tfe®- && 
feb# toamls ©f tetal It is #«s» Wmt 
d©presg#4 ,gip©wl:li. It per nltim-gmm la©^«ss»^ i.^ 1,,4 p&T 
oem%. au«S, !&# eeaM.a«fcl®a d9|>s?e®s®<f l.fc S»6 e0at» 
f^ ti# Bf . wM alse sligfa-tly b#fcl5®:r fekaa. fc&# MfK» 
t^itmTmm^mm mrm m- ai»ll iEfi4 4ata ao «pirafci# tiua.^  tii#y 
ls» « #vM©a©# ©f Iti# i^ litl #;ff#efcs of 
tsli© f#rtHis#.r» Ml fell:# ©&tai aad st-imt##. ai^  
thm points, mm it .r«i* thm mmii^  m^m 
T^e- dafca^ $0W- .*#:ri©a» mXm «r» ia ^a^l# 24 • 4 
•e0ap«*A«®m: tUm wl.fe& oh#ek -&&wm 
^af phosphorus iaei*#as64 growth #S .p#j* cent, iilte#g#a ^0 
per e#iifc, eom'b.liifttloii of SfE 7t :as  ^ lib.# SF ' 
ISQ p#s» •^ # ljicr#its# &W&: t# piio®i:^ .^ m3i w-mm. 
maialy In %im wtoll.# titafe .:€s# te was .i®i»g©1.y la 
»ii#@'feis«, €ata istatfr&t# fcfcst sli.r#g®s. pii©»piie>ms». 
hut imt limitijag to a£ #Xa ®m sate-
ti» «l3. «»S o»k|t mlmm wmfm mM&. 
stunted, ^Altt in<5ieatiag so*# ©fcli«jp' 
Whm wmmpmmmm .wifeli. fcli# s«wr«l « 
ela i^oa »at>s«ll,. mxeU %imm fe©.»® ©btalnetf witli 
.s«« m, Wm 0%.ts«:ir -^ # •Mmt 
s«®<lllng# »«!»«: chlorofci^ s acf3©ai»«€ siiggsisi;# as, tw^m. 
#r ofhmw mtmmw' &s»#el»fc#4 wifefe.. tli# 
©f lii this ssll. ita M.^ . pM* 
-Mmtmg til# fclir^© B0eci®g mimmm€ tia« greatest 
l^ai« -mpmlmm. r®»p^€#d %&. p^mpfmwmm aifcrsg i^t /tet »#%• t© 
0-f^ #it. a^h res oiad#d but mot fc® 
pli®:a:pfa©ru# a,l-0a@:» One# %fe@ l.ni%l«tl mltfog^ n d«ri©l®Rjsiy lia^  
r®ll©*«id a :r»spi©itg© t€» piiosptfeoraig wmb- ©fefemisa#.#. a-©<t o«lc 
as- ,iMiarfc#S x*m0ff<emmm te- asf mt fcln© «kS ms 
mm3?& l.an tli# oi.ii.ef sp.##:.i#s* ffe.# f&#% lilmt 
werm Slftmwmwmm la tli# *«f tb# ttJF®# #^§1## .las  ^ hm 
-Ill' 
ttu© as stjjefe t# la 0jilf>Fos.ls &m s«#<lllnsg s.s to 
mefettal f«^alr@ia«it%s for •aite<&g6ii.^ . plidsplao t^t® ©r p®ta#sitw«.- In 
fell© emm #f ifc la t.Jiat t xc age of fcli® 
major wag restriefeed liy ©tliei* liialtiBg factora,# 
fh© «ai« was prubsfel^ ' to a ^egr®# fer fcii® Qfch@jp 
ep#ei#s« 
gg:p»e l^sents yltli Liadle? subsoil, 
Madlsf smtesoil a®«4 In fcla®»e r#pr®a#at® 
ibii# Bg &n  ^ Cj. Imrlsoas ef Jirlft, Material.* 
.soil was o'bt&i.a.ed fr©« s bcvci o^Ij fessk .!» an abaadcm^d 
fleM in til® Hi er t&e S®«.%i0a SS, fro* ?SS,. Sang.® 20W, 
Stii Frimeipal M«yi<ixaa* f^als l©oatl©a is la J'asfeaas ttjwaablp 
of -Ccmatf J, I^ wa# $lil« sube^ i^l sapp r^ttsd. a •wmwj span# 
gw&mth. &£ p-©v®f*tj grs-ss ard ragweed, and a snail .^ omt of 
©i*gamli© Imd 'hmemm& tncorpoimted wltli tfe.e #©11 slme® 1ft 
wm.s ikfefinaoaefi*. fli© .#sia l^« was .a y#H#wi8li. terowa ««»d.y 
witla. sea# flm© gmi*®!* 1% wms apparently t?©11. oxi-fiis©# uis&: 
W&M sl.i.gB,tl,y isfe# %ra® € It la ftir'%-l3.®3p 
elattr«et«rls®d toy tlj©. following 
pH, ..... • •... • • •.«.«•»•**••... ,..»•«• S,.S6 
We%m.% aifcro-gen* .. • • •.« «»«..» #.«...« ••.# • 1.570 
©ilttfe© a©i.d»:S«?l.atol© pli©.spto.oF«L.s .10 p i^asAs/aor© 
Sxelian^eafel# •»#•.#-•:»,... 33.T pettttds/aei'® 
Tbm resalt# ohtt.±im4 witli felils s#il ar# piNss©nt#4 la 
•lit-' 
Tmbl®® as,. BB:,.. and as*# llluaferated tn W'l^rm 19» Tli# 
aata f0i* saalysi© of -ra l^^ ©#!, hm.mmd on total drj- w-mtgh.t-, ar© 
pr©e©iit©# ia ^atol© 10,* ll©i»g total dry wel^ t mm a «i*lt©rioa, 
tr^ atweat mad. mpemlmm I^ff©p#iiis#a w#r# hil^ aly 8i@alfl#ttRt» 
fti# 4st«. OS, sy#«a asl^  ar® pi'®:S«afe©d la fmhlm 0#» By esa-
pmrifig ,tJ©t«l wei^ fc® of" tlie dijP.f®y«ii% tr®atim«at» wlfch tb» 
it- 1» s-#aa Ijliat pli©aph©rms 4«pr®»a,®€ gi^ wth *bj IS p#i» 
*liil« altrogaa *1  ^ prntrnmrnttm tt bf S3 e©a% 
«a«S SPE lmea?©a8«€ It laf SI p@r ©eat» iilaeck plants smd 
tkos® *»©«#!vliig -FK vmv'0 sligb '^felj l^#re%l©-,. ^at fcli.# s@#-41.tBg-s 
la all wimm mmp^Ti&r to tim- asis. s##Alla.gs gf^wi on 
Clftflea safe-soil, Bry w«£gMfe« mmrm aoi?# ar£##t#d bf "fcr®m^a®at. 
tlittjEi wmTm s«»-dllag Ijaights*-: 
fb® dst-a for r@d, mwm ©omt-ai.a®«l -In fatol® S-T* Wf 
pmwim.g t#tsl dry w©l.gi^ t® ©f %p#sitm©at-s it is 
fetimfc ^ ^gpljoras tt#«d wltfe tiM- basie po-ta»s.ttta 
iBer#a-S#€ -gi*«wtfe 7 p#r #©a-fe,^ . aife-r©gea witl* potasslaaa 44 p®r 
««afc, s--ai. t-fe# MWK ©omMaatieaa. S© par ©©at,* fk© 
®rrang« tli#a»®l-V«s ia tli« ®ma# r^ gai'Aless of 
li©i^ hti, g^#«ai wmlgUtf or #Fy w«i|5li.fc 1-s tts#d. fts a -e3Pifc«i?ian-. 
Th.m dmta ®la mitm pT&mmntMd In ^atol# 2Bm 
Wsiag fco.%al dr^ - ir®ig&fe mm m ©i»lt©ri#m it; is e©»a-
ph,'#-rtts Isftfease-d growth, "bj ftto#at- 14 p«:|? "aits»0g#at by 
SI" p®r ##afe, a»i tfc  ^ e-oablastjles 'bf 110 If 
b.«lgfa.te gi*#®a. w®ig f^e ar# ms#d m.m urltmwtm  ^ s© 
F^spaas# w-a-s 0btal»#€» f&# f&et tlaatt fcli# If^ S 3P#spOB»-# was s© 
Tmt>%m 26 
Awmr&gm hmlght &.a gre«3a md wml^ ht 
per l'-»Q g^#«» msh oa Bmbm&ll 
with. 
« '• B©:. total • • " w#4^1*  ^ " welg&t " 
Trma.t-' repli- hmlghti wmlght ' tfstmm} 
meat a^ttonm Ciseligs} (grems) |gi*gai»| gfei 
E 4 gS*9 . 51«1. 3^4 4^B 8.2 
« # t4.,2 . .ES*0 3*1 -S...« 10*»to*.7 
Stm' 4 SS*6 m.*M 6.1 •6,»8 lg*-l •l©»»tl»8 
WK 4 3B.»0 • M*8 • 4.#  ^ .S»S lO.S 16.6t3».l 
#Stim«la2^ ar i '<KP# • •• -  : i i , : . . r ' :  r  -:  .  .  i .  i .  '  ,  
lot;©! Eacli #onta:,i»#€ S plants* 
^mbl« m 
MwrnrmQ  ^ h&l^ t gx'€mth green and Arj w#iglit 
p#i* box of 1-0 r®d osk on I.ladl©j subsoil 











b I>3c*y w#Iglit (grams) 
kool' ' fdtal ' 
K 4 is*e E,a' 11*4 13a6tcj«.g  ^
•?E 4 is.a S4.»0 4*0 S:.:0 11..0 14».st0»,8 
®K 4. m*x a.9 8»S It.# 
KK 4 16 »a 4a«s l»,6tl.»l 
0rroT* 
Motms Eacb. bm ©©utalmttd 3 plmt©.,. 
tmrnm MB 
Jkverag© iieight urwtli and gr©«a and ilr^ " walgh.fe 
P®f» ¥ox: of i-O im^Tlemi ©la on ©nbsell 
•with f'er^ llisQi's* 
• •'"• • •• ••''•' ' "Mo^"Si '' ¥o'&i •' ^ ' weigtifc 
1?p«-afe- hmt^ t lemv®® (Krama) 
imnt eatloas (l»e^e®) (grajiagl ''^op '^ooi'' ' Total 
m. 4 2S.9 15.3 «»a Iwt 5«1 4.Sto.6  ^
PK 4- ge*$. 13.3 3.7 4.0»O#1 
4 47.9 32 3 §»4 . 4.:© •^4 
ME 4 S7.e IS^S 4.0 g..€ 
©w r^"''"'"''°'"''"™'" 
Hot# 3 Eacix eoBtaiaei S 
TuhXm m-
Analysis of irariaae# ot total -drj welgiifc O-f r@a. 
gir#®a asJi ajul &mBrlces3. ©Im oa Liaidlay sttbsoll ' 































|moi©n) sf# ptf® *(« t^x©o) i^ S'» ii#©a;S *(#Aoq i^ 
• :^ o ^S'ctftp®®® pxo ttB©£-0it© j« 
-stt-
mxMh. tii# 'IE timt ©«©# fch® 
nttV'0g,mi daf'i'eiesej wa#. ph:&wph.mT^n» mmm liaittag. TtM 
pT&o^3'^ bm-mm mmm la fek» rdots *M.l® fch® iilfei?0g.sia 
TrnMpmkmm was mimmu mmi^ j is, fcli# 
Si# soil as m wix&Xm Jadieat# 
tilisfe 3:^t:i»i»gj»a #a€ pii.©spli@rws ii:aitl»g ®#®€3.ing 
Sltr®g®». wa® mpp«^eiit3.y mm% 'llaitlsg; wi-fcli all 
#p«ei@s m0d#r&fe#  ^ Fmmp&ummm .-©bfealaM by appljiag it mlWrn  ^
'^ imm . w«.@ ap5li«€ 
fell# wm&pm.m& warn «aall #!» »bs#at:» . ©iw-# th# aitrogea 
wftg r«li«v«€ a€<litl#a «jf pi08pii&yttg was bj grsatlf 
ia©i»®-ai##-d. g.r<3wfeli« Oaly sliglit diJff«F®a:e#g e®ttia. b« Qb®©riF©d 
t» way in *lii©b. fhe sewral sp#ei#® respsaded. to tto.® 
f#r®at fesataeat®#, Botfc. oak «id ©la -&p®>#SLr©d to 
rm&pmmd. iisr# %& ^&sph&m.s tham. dl# gi?#®ii. «®E, wM©li was mim** 
ilar fe© ti^ rn wmj ttm»m gp#el#s r#*et«ii #» 01s i^#a «tt1&®©llw, 
^g®gla#Bfes ylt^  .smlsgoil 
Tb® •$«& s#.il aafeftrl&l m«#€ im was th.m 
isafeei'ial. ©f" tills s©l?l#s« t% w&m f-mm.«. 4»#i> 
TO-ad ettt tta»#iigb m leeas lill'l la. %!!•• MW^ at tk® ml, 
fwa.» StM.,. S&ag# It**, 'StM Wwtimlp^ Me.ridlm« '^ 1# 
1* Is HiglilaiKi tewaslai,ip,^  fame, 0®«atf.^  !#*«» ®i# .gcsil. wmm 
m &mptU mi lO jr«#t t© get a Mt®r.ial wlil0:h wm  ^ as 
a#» la rear fcion as p0«s»le« TM.m %mms w&.m a w©ll 
ymlXvmi.mU ferewa silty elmy» Tli#r« wei?# a© #vi€«m.«s 
of It'was eliftr«et#rig#d hj thm 
€&tm. pr«s#iit€!d 
Th  ^ of witli tkls sato®©!! mrm pm-*-
in, f&Wk&m SI,, SM;0 em& ar# is 
Flgtir# g.0. ftiT mrnt^ mtm mC hmmmA. mi. tetal 
€3?y m^© preseafee^a Im ffe.®#© ^ata. sfe©w febafc 
«xt#fciag to»'twe«ii. ftr-eatsents an  ^ ®p«©l®s w©i'# 
MgKlj algairi©&afc» 
.ftefei®a@ «r# als© M.gM.j- si gulf leant* 
Si® f©r gr##m asli «r« ^FeS:@Rt#d In. f«bl# 30* So -^
l»&rittg fe&# tp#«fc»ats »itli til:# ©ti#«3.k;p ©a •^ @ hmmlm of feeljal 
w»lgfetj|: it. ia mmmm. felsafc tm.&Tm&mm  ^ growth. 
sli^ fclf {SS ..f#r wixtlti .Eiit:ro2©Ji ^mwtU 3SE 
pe-v ©^a-fe ami tfe# SPK -44S per ©#»%« seeAl.iag.® c^*owBk 
on- tiiig: soil w»# &mpmrlmw te tbrn^m. gw&wn #s JSl&rlGa 
a#li. «id « i^isl to fell©©# gr^ wa ©a the .I.lsdl#y.,. ©o:ffl^ «r#4 •©» feiai 
isasls of th,.-e SPK tr@m.-te»eMte.* fli« 
to t&# twrnmmm: 
Tm^%m 51 tbe data for r#!. o.^ gr©«a oa %M.m 
S:Sifes#ll« 0«^«riag ti»#atwsifes wltfe. tt» cimmU ©a.. fci» 'hmmlm 
©f w#.lg|j.%  ^ It Is #©®a tlaat piiiei#^©r»® d:##y#s:#.©€ gi*ewtb. 
$®t*l ttltrOgea* »• m m** »•** 
Mitife# aeid '^a l^ixbl# ^Q#ybo»'W-
B^<ifaasg«a"bl« •.»,» •..»., 
#.«, 600 •p0m^m/&<s  ^
..,..• 2S8- p©I3»€»/««I?#-
»» 531  ^ p0ttaS9/ft€s3?# 
Afefag# liei gilt {irowtli tiiid green imd dry uei^ t 
box of 1-0 are^a asli oa I'aam subsoil 
1s$»#at«4 wltii 
Ho* " of 'Qra#n ' 'br^  '*#1^ '^" ' wWi'^ tF^" 
Treat- pspli- hei^ t i#aws tgyams) 
E 4 £1.1 103 1-.S 1.6 2.4 4*C^0.4 
PE 4 ' 22,4 11.3 1.S S.O 2.8 4*8±0.4 
WK 4 37.1 40.1 8*5 . 13«5 Sl« l^»l 
.MK #: 3S»S m^2 6*6 6.6 •ll^ S 18»ltl»7 
WlaiSrE^e  ^
Motes E«g1i 1»©X contained $ 
m 
.A,wi?mge lielglxt gywtls, and green aa  ^ weigiit 
per box of X-0 r©  ^ oak cm !Pasm Biatosoll 
tyeafead wittA different fertilisers*. 
'• •"¥©.'o'f 
repli— 











K 4 15.8 5B.1 4.6 2.4 1S.1 15^5^1.5^  ^
m € 16 .£ gS.'T 4»S S.5 ld»4 lg»9il^ 0 
mm 4 ES,# 52*9 c.n ©.,? 18#;^  24»4il.8 
XK 4 24,1 a»? 4»t 21*1 26,0^2.9 
f^ SS3f£ '^''' erx r^ 
liot&i Smoli hm. ©-©ateisa ,^ S- plasfes# 
mmrn m 
iielglit growtfe and gi»©#a and Arj w i^glife 














Ci?r*#3 . ^op 
I^ rj 
C#;rams) 
X 4 ' .  4.2 0.9 0»5 1.1 1.4^0*3  ^
FE 4 M*4 €•:# 1.4 0.6 1*6 -g.ltO.S 
mm 4 3S..*S »,:0 S.t S*7 8,»%*7 
SK 4 45.6 M.S 6,9 4*S 
Ilotes Bacli boj; 1 
^abl# S5 
Aaalysi# of •rariano# of total dry mmtgUt of r#d 
gr0«a msls, ai^  Aiasf'iean ©Im oa sixtosoil 
tfeatod wifeli fertilisers# 
imriatioa 


























of oM &t vmd oak {abow), g;r##ii asii ia&nt®r}, mA Aa@.ri«sa mlm 
©s subsoil* l^ effc to E,- SfE, SE# 
-121-
fl7 p#x» «M,1# .al%.i»€ig«a S? 
pmx" c«.nt m& tii® BfS gf>.#w  ^ If p©y •©«»%• 
fli# ©afcs ia til# 0fatak wi?© #<nial to- la 
©r ClerXon stibsoil, salle t os# gr#wa .tn. feb® 
"fci»®at®€ s©.li w«r# #=iml t@ ill# ia Mauley ©sya 
s* l^i smpeFi©  ^ t® tiojs® ta 0:l-art#a* 
f^ s* siafesell &r# pi*#*.-
Ui fabl^  3g* "Stsse data show that pliospli^ ras iaer@«««4 
4B pmw ©©afc, si-trogsn 691 p&T eent fon  ^ tli® IfE 
tl&n SS5 pmw ©®at. Ttm f««t- tli# SfE wa# a#fc a® 
good .a.a •%&# IE su j^ests tiiafc, -t;!.# i.ji«i.lgst©il, r©«p©as# to I»K say 
«%f€"ri»afcal «»«»#. #.ls» SFH wes'm 
feo %l30s# #a Macilej and aa«te. fetoas t li@s® 
gi*®m stt Olfi;riom»- ®i« eli#ek w&wm m%nml to 
fela#«# gp&wu a» elsrioa iJttt Inferior t# tbos# -m.. 
til# e®iapl.#t® tms* Sana uliaw tib&l; m»ti. 
w# #la. r#»p©^«i. Tery %o phosplioru®, as a wli&l# i% 
is mst .piiospb-orm® *ss not limitla-s g-3P«>itfe 
©1* tMs. s©i.l..* l^ Manc© wm fouaS 4B Urn: fms% 
thmM tim re ©pons## t®. PK «#w ralatiwly saialli,. «id in. tlx® 
tlisfe wltb t«j mpm&i&a tUm WS wm-B 
mupmx'iQT thM- SPJK* Hie evldm©-©,. iww#'w©,F|,.. ^#.s p©isst to m 
tt sti#iaM fe# topfc ts tiimt 
®©11 i# www '^ 10% In iiit»g@n sikS r«lmtS.v#ly M,.^  ta 
ailufc# mi5l:tf*S0lH.^ i« "Mmrm wmwm .f«« 
•iss-
mm .sell.*. All mi^ e-rn %wm&m r«:«p@a^«d w®!!. to 
ii.i.:teF«g#m wbll.® mmU wmm- %im ©niy vmrn: feliat mimwmM- mm  ^ .^ ®.spoas® 
fe# mmmphomkm* 
DiacusgiQa- of yesultg of feptilXgea* ©xgeylmeafea 
with, kardwooag 
r^nfel# 34 e©ii:taia,e dsta & iOTiog,. f fe# tte®#. s|3-®s-S.es,. 
tfee 0f r#@i3#».s# to- til© 
la relation to tb;# »emfe -©f fetml aS%»^#g#a ..im, tij© -aa%i'®afc#jd 
€ttfcft-A©ag wifcfa. tb©.®# im fs-lle SS s&&w tliafe tls©  ^
T&hlm 34 
E#t»e#afcag#^ iii-ey©as« i» total wei^t fwtm. 
fm-pttllsmr tr#ata@nt #«wyal sttbsoll®# 
TQ%mX 
 ^ lbs*/ : 
«cr« 
. 1-0 mA 1«4I sale l—O 
wm m „ • tE "W&' ' • »E ; FK W WE 
T«a 600 22 552 44S •17 67 57 48 691 533 
Claris® 670 OO 67 .7 S ;.. .1# .^ •#<1^7 : ..4S : .tl • ....,7f 
Llndlef 1570 -15 33 61 4#' • m :,;14. • S7 :.iit 
0»li®ll 1900 ,S  ^
^*411 pca^c#ia.tmg.#a' «-oai>afc«-^ .fro* feii# eb#ek «s 
a l>as«* 
In tl:i© case of tli^© 0»¥«11 .w.il. mrm 
miti'ogeii r©si>oB»©s#, 
-its-
mala rm-m-pmmmm bm'wm "bemm to tb# ssgBltud# 
ftf felie Ammrm&mmm of tb® »11 
la coiasi-i«»"iiag .tli® wagaitM^s ©r feli#s.® ^®sp0as#s 
la relafeiss fe© tlia f,«sstitles of tot*! la th.m ^origlaal 
sellsi^  it. i.s a»##.##aFf- fco: %:iiall^ y fch# r«i»alfc® ©fefcmia®  ^ ©s t.l^  
ClarloB suljsoil slac© all tla# .plaats mm tfei# subsoil 
«#r® 8fcm%#d ©blerolila- » « l.lai%-:iag 
Altli<5«.gli tli« Am%&. aF« ii©t .©©s l^@%# en©aglj. fee justify an 
iai#%iiiw©sl -afcmt=«»sit tlier© i» i*easoii %o l>#l.i«-wi TOagfely 
2000 mm.^  total w-mlia Urn fradme# 
-m#ar aeedlijag grow  ^ «id©r Ma® coiMlMcas «»-f th.#®© -ffx-
p«r:i»@sfcs* Is fcii© cas# #f mBh tiie .^ata. ®mpp© -^t tii#.-
&!«#«. wm j^ *#11 Willi® la til® #as# ©f %li« ostk 
A»®neaxi if oa# qmlifi^ s tli# reaialfcs 0» %li® ClaFlm. 
tMe #«ms' is .©iiffW:# S» d.ata f&r tbm t-Q asli 
and ©ak i^i®w « sli^jiitly iai»ser tlia®. of . i-O 
stock# As waa ^re^oa®lf it 1#- fcliafc feiil# 
rmmponmm mttM. stock wmm €m« ms^wB to Wm loweMmg, %hB 
iilfc.fs®g©a 1#*#1 t» tli« eii#els t&fta. %« & »«j3«x»® mb©¥« 
1#*«1 ojf altrogen ©^plglamlly present- Im tk® #oll.». 
Witli r©si»#t fco <S.m<j..a- ia. mfel# S4 mMm fetimfe 
tla.l.i» m%.msmM% wmm ^mAtlmA wltitemt- wmm 
m Begatlv# or -©1®» oal^  &• ¥#r.:f sUg&fe posltlw 
l^eM wli®.a #«»sM#r#d la li^ .l# ©r &m ©tfeer amfca 
lio#.# mppm&w iu 'C^xat wmu initially 
limiting., sli#wls^ fell# la-
mrmmmm ia %&%&1 ilipy 'imtmmmm tUm MWK IE 
as m psrcemtag# of tli# SK w©i^ts# A&tm ar« 
Ise Is# Indleati^#/©-f ^m m&gnltvi&m Qt tim 
respon*## tlioush a payt ©f mnj m&n p:r©%«i%l.y €»# 
t® altFogect* Ii®r© agsiji tii® F®0aons-M: ®a fell# plsrlm :am^0@.il 
1?abl© m 
i Pei^seiitag© im#r®as® tn total €i*f w@tglxt ©f i*-0 3i«#dli»ss^. 




phospiiorus |lbB«/aor«). ,, 
Qwmmm MmA -mmU 
American 
Lindley 10.0 i€ m 
aart.«- m*4:- It s*s 
37.0 1£0 
'Ts&& 
' , m. *»# 0^. 
1 " lUGTmmmm WWK ©wr tIE ©m HE* 
hmm IXttlm. mmmmSM .^ sa# fcH« 4ats. tJi® mmiX •«?# wrf 
#rr«M#* -MX •« 
on m »sp€»is  ^ w«e ©la©wi. Isj tli# ip#.d 
oftfc .isaftyiesa ®13S» Afesiife aj.! Iti»% ©ms, <s©»©liaa#€ 
%'bmmm i# wl^ . soil® as 3.#» is dll«.ta© mcla-»ol*ife.l0 
mm lO |na»ts. m&wm:, %Ulm w^^mimm.% is 
l.S.ai..%lisg .Ijsrdwood gy#»fefe» 
data s&S.% t&at potaa#,!^  ^
Si0 per- was a«t limiting: tSi« of uresii 
msfaa .M i^M©a S mfeov® tills 1#*^®! d@ i^iii,t«3.f grewtii 
of &«&:». Cfet •#l..srl©s g i^l mM-i%lsiii &,t p©t«s#it« i^M ©«m®# 
in©i*«a®#d gf'sstti #f 0l* ©i» :i*«tf oak* Qt Q^mmn &&h. 
#a MiS,m s&St *a# la®wOT« .^.« • fis.# t&et tUmt g^®#» 
a«*i I'espoaii^ cS, to 1 ©.a Cl&rS.®a safesoll «af b® 4a@ fco tli# faet 
tlaat. tail® s:p#e.i»s wmM Imrnrn- ©lal.o,r®tle attS titsa. tli@ 
otiiex*® si^ . ttittp »"bl® fc0 t&Mm e^wmmtm  ^ @jr tti# a«3.a©«l 'p0tmmMi.vm 
supfiy#, may :^ 'r@ ¥®«ti. as bas aa,y»Mf bm-mn 
by a C««^E antagonism ,^ or atfA## p j^tassiim .mftf imrm 
^mu&rna tto# iajwieti-s #ffect of e«lelm» 
4, mf the dlffere-mft^  sails iadiealt## th&t om 
nitrogm wms l.isl.t.i:iig tiaafe piiospii^ r^ s wmm 
a4#%a»ls@*,  ^Lludlef  ^ niferocon «a# s#t' «s lisitiag as &m Tmm 
feafc i^ M#©ns#« w@r® obfcaimaol# witti pMm&piiowum» 0a 
0»S#il.,, fch« w#t*# tkat «aall F®»p#iBts©s- eaul€ hm 
dbtBia»& wlfclai aai t&at with pMmM^mrum .i»#d eak TOuld 
gif# & ac^#f&fc© r«®i>oa## ftfifi gresa mA m sliglit ©r 
memm at all* Oa Clmrloa subsoil »«t f aetar- tl»a a 
of Mj, P or K wm® lisitiiis. .gjpowtli.# Xm spltJ# #jr tbl.® 
gmmmm &Bh ma Aa#ri©aa #1® s.tietw®# wmmpemmm t© 
•lii-ft-ipetgda. ana m sligfet ^mmp-^ mmm pMo&phor%m  ^
S#@Aliag SeiX® 
• ai»««a sm&  ^ Mmmwtm& mtm w#y# ^o«s oa tii» % 
#f s -©.f soils* I^5i® ©" l^^ eib.s mt Uhmsm #xp«.iri»«R%s 
m&^m t© studj tli® «l©v©lopiieiit ®f %la« •fef#® @p««i«s 
©a 'tli® so lis,,, ai^ . :fco tli® pf©feafeit*. 
11^  t&at Iseif^ as.## gx»«3wtt3. could ¥# a1&taia#-d 
S t^mm -mi.%m ®f Mm C3.«ri«*a., LluSley,. sa  ^
^mm is#ri#s w@3r« Sis O:l,«pi0» ftnA WmhrntrnT s©ils la 
til# 103©*.39 w#w tli# I@w«  ^ Stat# O©!-' 
l«g# fall## sottfcli»@#t. of f^ ,s,*. fit# 
Wel»st©r TOiX twmm »§• m£ S©,|| wliSl# tki© 
Clarlois, ©oil %im SI:-! &t W&k  ^ Mme* If ^  Twum- ^11 :^ 
am.g# #4®* Hilt pmM.'mslmw GlmS^m m&%X a d#--
gi?sA®€ Clarion gin®# ife mmm foiaad imd©-2* fcisfc#r om fc&s pralrl#-
forest t^ aa#i"Ui0B» It will tei %g ««• 
B-CMric^a* ih® 01aFi©a #«li. la 1939 194# was -a. 
S:©11 f,i^ a tlis l®t af IBi.,. S®#* Slj,: S^:# Ixmg# 24W.*.. 
All ©r 1^*6 t», Maslai^ tes tomslilp  ^
S-t&w  ^ iSmw&t-j0- s-oli i^ mm® & .Jforest®# 
t^ «et to tfe,©. SSf .®f SS|> S#©* gin *fm* *?t% Mms^m tM.,@ 
lG«ftfciea feeiag la Jftefcaea fc®«RsM.p.p. eomtf,. l#wa# 'Ba« 
Otea Bwf a©-@ s®4X mmmm twem fcb,$ :W"| &t ISi^ , Bmm f # 8BS', 
Ei^ S-i© 16»l fclal,® b0lJBg .a l©eatl0a Is II:l^ l.«i^  t&wmM.p  ^ Trnmrn. 
-127* 
"Bm soil $fefcmia@4 jCi?  ^ mu ^ate l^iicJtory-
gfeeuA 0m tl&% apl«ii<l t& Vkm ©if# M&i.m&m Fiy#..«» im 
lorfeh %«wa»M#g B^^n# 0o*mty, !#*«» locatioa is ili# 
S§ S«e* Twi#, S^S, Imsg# 1S«« All the 
l06ftfc.iea* mre £w&m  ^ thm $tii FrlBeipal f^ea 
tl*#- of »tirfs«« .«:o-13L# mr# la 3G. !>&%«. 
€@scriptlT# so» #f subsoil* %#« p-f#.-
s«nted» 
mfel® aa 
;§li»a«t« l^stles of 
Mlttt# aeM-- Po^as'«»" 
Tat&l aolutoi® mivm elysa 





<lbs /^ Clbs./ 
ser#) aoi»#) 
Clarioa «.64 mm • iS*4-
iJ-dlarloa* f,.iPMBm ©•Ol 3660 •rnmm  ^ "iWli'iiJi,- 4m& 
Lii3.d.l«j £#S® 6.18 4100 20,4 3Si 













0X i^^  Ttom a Tores¥«ia 
mm® of A2 li=orl3«>n» 
"•S '^Sa ^Sra i- im&m 
TU0 r#jia3.fes ar# p3?#s©afe#  ^ la 1?atol©s 
S8,.; S%, 40:„,. .sjftd Af.. ®fi€ Ar#. parfeiall^ ' lilmstrat®# ±& 
gl, 22 ,^ mM 23 • 
f sfel,# ©cmt&ias- €mi«. 2-0 ^0#a mpb gr©*s ,im 
lS3S-5t ©ti «@tesfe©.F,: .ftW'#.,, and iwoaftpioap. .a® cca>»-
piL.r«it wi^ to. -Qi.# «a t:li« ©t'Sfill,* fb##« 
•dafem mh&& t#»#s gr©«i &m w#^® 4#jriaS.t#-3.f* 
mu^mw%&w t-0 tfeo:## ,g»wia @a mlth.&  ^ mm'tiimtmv &v «id 
©F a2.S„gti.fc|.:y tliaa tli### gyo*a ©m 
S-ia©« Ws'b.afe®  ^ »#tl is allsallBe |pS f«86) la r#as<m. 
foi* tlsat tl3« mmm^MM pemrmw ^mw^h. «i tlii« %.m 
•mmm&mlm%mA wtfeli S.%« taction* TU'&wm 1» ao- w.i.€®a#« fc# 
liow#wrj wliy ^aa s@«ailag en & £©!»##% 
slioiil#  ^r«striet«d, "but ifc is st3g.g#«t#4 tMs m&j li&*« 
iSi^  t@ til© podj?#r struotuF# «jf aad Its gi»e&fc®r 
t«m€©noy t® 
Tai^ l® 3© ©©mt^ sSms €«fe« fer i-O gr@®m mud 
dmrlag I0tt ©a Clarlom «i€ 0 «m4 o» htmM^mj 
fftttf Gji j;x#ris#mg» *Smmm €afca mUmm Wmt gF@wt;li €>f g»«a. asb. 
wmA &m. smrfme®- s i^is mmm. gmp#rl«.r 
©m thrn- to tli» Clapi«a. .smrfu®#. s©iS, 
^mmm a.A ®.«ejiXii3ig« w©s*® SS per tiaaa ©a th# smlb—. 
Willi© on Linaiey tli# s®®dlinsa Sg p®r -©©aat 
mm. s#i1L* isltla ?#d oak oa C3.«?i©iij, ©tt %li® 
aarrmit# #«S..l w&M Ifl #«iat ®r©*t#r iisfta tkmfe @» t.i» sufea#!! 
msl ««B ti*® J i^ii<31©  ^ It was 8:1 pmw ©®at Uotli 
Tmirn, m 
Awmwrn'^m grostla and green aati dvy' weight 
per of 2-0 gj^eon ash on treated siirfaee soil® 
a&d on fertilised 0*llail sufesoll, 
Soil •• • ' • 
and 
^o. of Ha'i^ i' grbvbli' 
Tla©b0sl 
®r#m wei'gjit 
liorlucm. eafeiOBs 19^8' 1959- Sofcal fop Sob'l fotml 
S 39#8 26^0 65»S tm^9 21.1 SS»S 
A»:# S 30.0 a&.« m^rnM lf0.t ld«€ S0.»6 6t»gtl.»-6 
,B '^ laj-O o 0 TS#Q 204*0 g«.# SS»t S4.ti4*t 
o*i@ia. 
BPI 
© 4S*4 •S1IW0 HfJaP' 
Wot#« Each replloatlon and mMmrmg® momttBtB of 4 pl,«ts» 
'Bm 0*lf®ll soil receiwil 144 11%, l'?2 
FgOg, ajid 360 libs. %•# p«r 
.sp@©i,»0 @ia %-li« .mmtmmm sells was g«>^©d.|, asd to 
teli«i tlmt o t&ia®# la @i» «»y &£ fell# ,f#»'tili.i;©€ 
sw,b®®ila.» fmefc tbst 41Cf'#r»a©#s fesfew®®© thB gi*owtii 
•©fetslii®^ ea mmtme and ©.iifegoll are saeli^r tliaa tJiic»g# 
c® Clarion is "ba-li^wd tm# to feli# aitro^ea ©©ataiife 
fe#. Madl®  ^ »*ib:s«il.p aal t© tli# ;r«et tlmts pl®a,fes ea -tli® 
<5.1ayi@a ©uljsoll ww# eM.o»:%ie aaiJ Figmi?# 
 ^..lllmatrsit## feti# la ©f plsoafca 
gmwa ©m soll,g* It is noted tiiafe po©fc d#v«l#ifWsfe of 
oak' tm Clarlfta sals»®ll w«® a^ vey^ l^ y i»##fcri©fe©4 wliil® %b® ask 
.•X30« 
m 
Av&T&Qm liBlglit grwtb, mmA ^wm&n and drj wml^ t 
pmp hax of 1-0 gmmm mh mi-d ^4 oak on surf a## 
smd stj^ aoils o£ the Gl&rl&ik wad g©pl®s, 19S9«-
, " 
m.d. weight ls«lglit , . 
lipglscga. , jG&ti-onLg , (gg«as) Ciiieli.ea) "^dp " Root ;. ' " 
C2&WS.0M 
Ax 4. B2»8 S4»l. M-mB gl*©t4»4  ^
0lArt©m , ' 
« % 29^7 m^n #•#. ft.i ix«?ti.6 
4 • €?••# 5S*S • 4.»4 1®*S 
Lindley  ^
Cx 4 -IS.O SX*4 .S.g 
a#a «k 
Clsi*l0tt 
Ai # mS :t««4 B»4 _ SS..«Ste.,».t ' 
Clarion 
C # if.«S 18,4 2,..# 1©*# 
Lindley 
4 3»,3 #•« tf.f 14»Sla,l . 
Ikindley 
. % 4 4M 2M M M»4 19»lts.4 
'  .U. : ; . . .T;  : . , : r^^, : •1r . • ,n; ;u: , . •n ,^; . . . ,5nr , l . .™.. l»tx.n^*nr: t™,,0TOB^^^^^^^ 
Hofe#s S&oii replie-atioa. f@** gr##a m#fe. ts ®s5# 
up of 5 plants, ai^  for .»«S -^sk mt .4 ,pl«ife»..:*; 
Twq., fear ciM 0e®^ llj^ g oa newraX 
««rHs, a,9SB-S0« Lmtt fco 
W0l38t©r «m2 r®FMll£;@d 
FigftI*: MB. 
o£ ©ate i&Ti0m} aad gi7##» asli. i'hml&w) 
#m «n3r©ytll|.»»€ surfae# mA subaolla, 1939. ft# ri^ ti -
Clmrim ©nFfac® ©oil, Olarloa ©mbsolX  ^ I,ii3saX©y rnm't&m aoil, 
and Li^ ley aii&©oil* 
mymtmm- wmm thm dtstmmmem im fela.®. wsj agk 
.«i€ ®alc to slteMa® Claris 
as lias •&©«». .a@.t.# ,^ "^stIousIj, tl at;. &mU t# m#r® fe0l©paai @f 
tm tUm mmm of m&k. ®a # 
:iiorl»mp wm^m £mUm& %© tii© w0^%m wmm wmh 
.ia.arto  ^ ia. ©olo** tti«a tlios# « fel» swfae« soil ©a tls«-
»tt€ wmm .rsia-tsitsiy »«*# mmmmmAmpj 
cortmx-0 .mA IsmFk .la,: .ip®l&fci«. t©: to# ## fe3i.@-
TmM.0 39 eoatm.tii«. €m%a tmm 1»© g^®». ask Sm 
,1940 ©m: «»d Tmm mw t^mm .soila# ffa#s«. €&t* 
»# al«ag wi fe Mm 4.mM& fmt WM. M^m&iXm 
m- ©.. mm "hm Qm ^rj 
plant® -m. mmwtmmm m&%X wmww M p«r ««% b#.a^» 
tli«m tls» muhmQ%,%,p »m %fc« Liaiai#y tla# .soli. 
w#r# i p## ©©Bt: #» 1*.®a %.&© BfE sttfesoll 
pX«»t.8 w## .SS p#» .e»sl timm ®s 
awfa©# soil* 
®i©. 4st*. .rs» i*-t ;r#4 »k ^T&wn SM 1S40 ©a ©3l&ri#a,, 
.tixMiley .aafi ^am swfae# soils, eomp-»@€: %©- e.«»ry«»ptt2feiing-
l^ E «m%«#il,%... mwm |>i?#s,«afc#4 ts tmh3,m 4&* 9mm data 
nnlj ©a tfa©. ft.2,km.llm# sI&fIou smfea i^X Is 
felmn th.eM #a tk© eQ»«s#p€!H!Maii*g, imiiM i£ail'©3?%i3.1a«€ syj** 
•f" 
f&mm soll..». sai. S.a tfei# m&m  ^ %hm s@lS. wmm 
.59 p®i* eest :g^m&%mv.m Om MMMMf #m S?E 
..@ulJs#Si. wa® tliat « ^ .k#. .sal..3. XI 
pmw ©ettfe, -wbllie oa ?«» i% was gx»«fel:*i» S® #«!»• 
m 
Avsi'a.g# lieiglit and gr&mm m  ^ dry w©igjife 
p©r box of 1-0 si?©®» oa different swrae® m^XXm 
and SPK feTOat#d sutosoila, 1940» 
'Sod "• ' • MO# of'' •'" fe'Si' ' ®?«#n " 'Bry" w«t^  ^
m:^  i'SpXl- h«l^ % w#l^ t S.#aT#s 






















S l^. 10»S 
4.1 :4,-t t.*l 
S»« €*9 1P»9 X9,8±l»8 




i^ . w^mm  ^ ©atist»:ts 3 pXmi%&.m-
mrn, m%m. fw %*  ^ mm in 
By surtmm #©11 g2?««i wlt^  %%«% •»!: 
.smfessll ti^  f oll0«l^  rntmm&mmm -mm m. QXmw%im 
mm mm siirfaoe sell wag 286 per Q®m. ^mm^r mmM 
•0fit ta» ©a. I,liigX©y siipfme# mm$X mmm 
bf m @eewm oa »S 
.©iito^oCl w»s gwmm^ew %Mm. Wimt em. tli# »arfag# ««11  ^S 
P&.W mm^rn 
Ob« year ©M s#©€lliigs cm imtr#afc©d sm'fae# soils, 
E®ii oak Csljow), gr##3i ftsli Ccenter) mad J®®rlean elm <b«l©w|» 
Clarion soil (l©ft)» Liixdl#y aaKl 
m 
hmlgiit growtla. aa<I gjpeem aiia weight 
ff©i* mf I'-O i?«# oak 41fr®j*^at siirfa©© i^oiXs 
©ad tip©at'@d si^ solls  ^ 1940. 
1^1 Ho• of " ' • ij^ onai '""•" W*m  ^ weigiai" ''' ' 'w«£^  ^ ' 
aa4 ipapli- lieigiit -wei^ -fe Xaaws ( 
e&tlo»a (jaeltea) (gyaaa) Cg:rama) ''fop'" '^^ t' ^ofc '^ 
AX 4  2M»M- M,*« .  • M  g.»S  lS» f  
Glarloji . 
C 4 1B.6 ^St,S 5-,® , 1»© ia.«3 
Llndlej" , 
Ax 4 25*6 BM I0»S WmX 17.6 2g*7XO,t 
£tadl#Y 
% 4 S4»3. ©*0 ».e 
S'SWL ' • 
% 4. 20.7 - S.6 t*S 13»1 
5^  ^
4 SS.6 Sg*l , #»# 1S*7 
»®%#f S«& mA ©©msists ©f S 
•137 
Tmirn #1 
growtli and er&mn and weight; 
p®i* ^ox of 1-0 Ame i^cmn #lm on swJtae# soils 
iua€ oix HFi: lare&ted suIjsoIIb, 1940# 
So.' or 
ma  ^ F®pll* k©lgtit w@lgb.t laaws Cgr«s) 
horlzcm, Q&tlons. linclj^ sl Cfo^sias) . (gramal ' ^op Moot . ' 
% 4 ©4.1 a¥.*f «.:•# #.»€ ©.I* is.ito*s  ^
0 4 25^9 .lg.».f l.a. 1»8 g.*.^  S.*9to»8 
tindley ' ' 
4. 4t.:f SS,*© .f*I, 4..:S ¥•© lE»lto*8 
% 4 aa*t 4*# S*:4 
./% 4 #l»a :Sf,S 4*4 a»i S*« 8.st0«8 
, 4 35.8 2S.S 6»S S»E .0.»f 0,©to»;.t 
'^•'•s-j^ 'caiidalri 
:«a4 «.ir#.,rmg« 3- plamfea* 
-.130 
©f. growtai. #jr all :®p@'e4#s gr#m 
dwiag. !##©• mm thm^ tw# mt tto# tbr#®: m&SXm. «r« «4#-
mbl© 42  ^
T&i@ m 
M.r^ wMg0 tGt&l iSi^  p«r l>o«. or 1-0 #®#dltBg© groms, «a 
tjiifcraat#^ swfii©# soil aiKl MPS t3?^at#d subsoil#. 
Ml 
. . . .  T&t&l ^Tf wml^% • gl»«M. 
(iwmmn &mh. ei&k tospieasi ®lm 
*<»= IS.SS -. 18«1# iS»0t 
c 





%9»m 22*60 IS.09 




15,70 15.9t S.2S 
mm , El»83 t4.46 8.9S • . , 
fj»«« tlxat. ©m thm 03,,ari«a, soil gip®® 
b#tfeey on til# 4  ^ la f^ison bhm$. m. f©rtills#4 a*. Witk th# 
f«ia, solljp. Um-mm'WBTg. "b©sfe ^wm-%W &£ #acfe mpmrnSmm wmm 
©a %li# fertllisaii wliSl# «i.fe tli® 'LlndX&^ mott feM# 
#»©« sa&ller- «»€ w©## 
fit© fmm% .sap«ri«*r s^mWa. wmm tm. 'mm Q^kmrimm. 
A . Is i Q fete,# .MgMly #«.l#«»0as ©£ t?fc» 
tmrnt %1» hm%%mw giP@wHi vmm 0lj^ teai^ € 
-139^  
th© ©mtesoll iii€i®«,fc©s tliat. ,@0meliiijliag was limitj-
tmg la Mi0 surf a#® seiH,* Btmmm Tmmm 4iSa poimas 
p&;t mmrm t©% l^ ai,fer@s#a, arf tk® 0*»@-3li 
lxi*ai©at© ©,F a© wmmp&m&M MGCK3 Um drntt** 
was -prstoaMy ii#t du# »it^ g#ii.» ®i« €#ri.6l©mj w«® 
du# to pstmssiia mmsm fcbe 5fs» awf-a## .seii 
mm%&i3md BBB p©tiii€s «t©x*# mmthim^mmlAm a 
aegatlw E r@sp«is# was ootitoai wlt^ . 0»lf©il solX t^tag 510 
pmm4.m p«:r .ae^# E* . m®.r® i# a suggestion isSiat 
p©oi»#]p growtli 'mn fhm f;^ «. sarf*©# s-oil may toe dm# t® plaes-
pliQiws #lm« til® i oil tm Xmw ia ^©.sp^erms 
p«3P »e») ai^  a©i^  CpS 5.3), wMll® fel» 0 fe«ris©3a Is 
in |.g^S pounds y#r i^fc@ip#)» St# €#t«. 
pFeseafc#  ^ ta fsftl# €3 e® fli««pti©rtts temd to sapp^rft tails 
©lsSm» 
By tfe® ©f tlim Ailtmrmmt spsei## ©a tb® 
sarfae# »11-® it Is evident tli«.t r^mmn m b^.. amd F#a «i&k 
^pe-^ "bmmt &n th.m Llaai#j wMl# #1* "bmrnt '<m 
Olttje-ioa* f*et th.m% sr®«a asii o» 
t'hra fila i^oa ftgals appeared t© %# <lm«- t© iaa'follltf 
fe# g«t aSe%i3At;# smpply ©f' ffaospii0ms fw&m %M,s s®S.i.» 
Alt'htd-ttgis. til© Olarioa .swfii.©# ©©11 li»d m. mommmimt gr@&.fc#r siip -^
ply of dilmt® a l^d-soiu^M plioapliOFms feiuaa tb# leaf 
aaalys#® siiowd fcliafc l#s# pimm^Uawu  ^ w&s sl5s@i%«d frosa. tb® 
.Cl#s»l«Ki« M©.st:ri©.t^ #a ^ompUmmm toy mmh. m&y fe® 
witli t.li# aoMwIiat pM -of tli# Clarlom, 
fable m 
Piiosphoras m per mnt of dry in tii® Mmm of se«41i»^s 
p'owa Oft Bm%ml fertilised subsolla and on tli® mifertllis©! 
surfae© soils, lt40» 
areen ash Hed 0  ^ latfieaa eJs 












.19 J Am 
*iis «1SS 
SSBB 
h: »lSf AM 
aio *gfo •120 
*200 
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tm flmm o£ Mm «-sli tm ZtlmdXwy G 3P#<-
%& «pp.li«sfcl#a, ^kiS. sla©#- tia# ©feswpfcioa 
phBBwi^mw'mm %f l©swp. ©f g:»'©wlsg, Im 
,®»13, ui^ ok was ti^ aa tli# ©f 
ea %li# elarimj ©urfae® 0©4i|i, %hm M#* #jr pb€?«fte0rm» 
i# f urt^ T QOTlP€A3Qr&%m€m 
la <s.o-ia%»s% t.es "g^«©a s#b^. Ime3pi#«» ©lii 4«wl#p«4 &m 
Ciaj*i®s 5®r© :fi^ aiii. tli® €sfea 0fi ^osplasfma 
"fef m®- l«««s W .:©f %&i# 
to •«feso3?'b it€®quat«. supply or l':r« Mm -Bxxrtmmm 
^m €ttfcs .ia. fmhlm €S miwm thmt Im-mm • *«.# 
mim i:3tmm. Wsmm t^m mtttmr clsj"l©a LladX#^*. 
fii« f*,#i tkm.fe ftls. l3##fe tfe® ei-st^ ioa 
*1A1# mwh, i^ #-eF'&©d .1% tT&m- E,l.sfil«f asd f»« sa^ests s 
Wt^  turn- m€ hmm% occai»^#« mL Wm 
•surfa©# #®£X» Th&s^e ts mm -©TM^aeA f^'mm ttm- '&m%M mM p&os-
ft!i©yas ttet ttii# .#X#si«% wsm lS3ii.%iag: I'er 
#sk, #s 'til.® gwf««« s«iXs» T*.is ¥l«w Is furtis®!* 
l»y Miir Wmt til# S»t»iX®y »11. is 
tfe® l.» dllut# iWlS-'SOlwbl# 
1 -^ %m AvmlX-mhim t© iafileai# 
%X# f-iar yeducad gfo»fe' &m Wm awi .mmm m&€mm »tls* 
gFotfetr <sa. 1» tm hm 
•fey tis# Ms  ^ pH «»S tfe© «!»«»»# • 
Otlier Fa©t€irs th.® O-rowtli o£ MaF€*ocMi S#«dliiiga 
Eff«0% m£ _exs#ss ^mThoTm.tm 
It- iias lj®-©.ii m0t@A fehate twmm 8#®dliags gr®ir p#©:r3Ly ©it 
©mleai?®©tts sQil.s« to th© W«b®t«r siM?£a©© sol3L ®M.eli. Imd a 
pS 0JF Jaek pin© .g#©ifiliags w©f® ciil©i*0tl«s aii€ soon 
aad g^#®a amti s.##d3.lBg.«:j». -aXtlto-agfe .not ©lil©r©tieji .gf©w ajLewiy* 
C3a tim OMrioja S Lori^ ®ii: witM -a pM «f S:»:M. «b<I a ©alei*m ear-
toeaai® 14# 5 f®i? ©#Bfc^p msli,, r&A oak, aoa 
Am«.rl®a» #lm w#-r® all elxloro-tie aad atmtJ©4» M©,4i w«® 
pai'tl©ml-ai?ly eiilo^®ti® ana lateral rootstag w&s ma**k@41j in-
ftte% tUmt til® .thr©# @p@©i@s war# ©liloi»©-til© 
wliesMi grown -aa Clarlsn safes-oil ImdieatM ft mlaor* ©l@a®iit di#fl-
cl«aey» Howv®!", Ifc w&m ttiouglit tbat « part of pooi' 
.grswtfet #» sttbgoll si.^ .fe b'« fc® ! Cl.) pot-a3®ii» 
atmwmf r»Sttltl.ag fr«i 0«l©t»m-#®%a®el.«a asfc«g0ai»«|, ( 2 )  
lambllity phsm^phm^mm twmm tbls hlglilj #&le».r#0tt# 
sail*. fertilises' €s-ts fmit Clajpioa smb»©il., a.s regf»0mp®:d 
aad pr«seiat®il in ^abl# 44, miiom tliat t&A ©ak .Aaeirleaa ©Im 
dl# nmt rmmp&mA t© p©ts.ssliia, femt tbat g.r©ea asli, l^eli was 
l©-aet ehlQr#t;le-,^  mimmnSL & wfy «»11, rmnpoumrn-m A- ®ompari®oii 
©f tia© growth of gr®-«m .»&li ©s aiiti*#fttad Webster#' 01ari©a, snA 
te®® soil C^afcl© S"?) stiow#d tu&t -d#fialt«lj poor#r g^wtli was 
^mirn 44  ^
Afefag® iieigtit «a  ^ sJ»©#tt aafi i^*y w#lglife pes* tKSx 
&t 1-0 red oafe, gre#ia asli, and ©Im on 
and tmfertillaad surface soil ot tha Clar-loa ®®ri©s» 
asti Aae3?lea» elm 
SMit HiigKl' ©]pj w®iglife J>r^  weipit te'igli,^  w©iglii 
isfaaa) (Inches) {graaa) (Inehes) (Kpaias) 
K. m*2 m.4- ia..4 
11 • 53:1,0 21.3 S.lio.2 
mm iE»6 13«1%«S 28»0 13.3t0,i- gs*t 3,9to,e 
m' J2.6 14»2^1*0 t9,l ll,7to3 •M#0-
MF 16»S 15,ti2»6 30*0 11•8^0.4 S*'StQ.,S 
SuTJfa©® 
soil 19 •« 18*ltl^ Q st.s S4«3L 15 l^t0:»:fi 
'#Sf ® i?ror#' 
oT3taiit©d ©» tb® oal©.«qp#oiiit l'#fest®r sell ®v©a ttioi:^ la tUmitm wmm 
»& Hi#®# fitters .mmggm&t. pati&mmltm. w&m n&t m. 
imp©rt«afe .faotoa? -e#&ti»it)utlng feo p#©-^  gr^ wtfe, «a tk© filsrl^ a 
sii^ soil. feiit tl*fe it al^ t^i." llaifciag is ©m.®#s. ^«jp# mUl&^mmSs 
1« «ap#el®llj wi^  «M* 
It is «®11 ka©wa «sti»t :pltos l^i;OPtt.# is fi^ d fe«©om#s 
tmavsilafel© fe© .plaats tii liislily ii.»l««r©®ms 
19S5|# ""wa %li#«sk piiospiioms 1»« afplS.«€ to ®#il 
as a ftfe# pXmit i»y t© it* • 
a»#©i*ib&la if plios i^orms was to l^ag &fes#rte®€ tsj ti»#e seedlliag# 
Oa© y#ar old r©4 oaJc seedliags oa surfaoe «d stibeolls 
of tlw sad Mndl©y series# l^ ©f% t# ri^ ts 
ClSFioa garfae# soil, Glarloa smbsoll, I^ ladle -^ surfm©® 
sdil., and LittdX®  ^ lot# tiie pooT dcmlopMsat 
©IS t&e ealeareom® Clarloa buI^ B^ XX* 
growing im ClffipiissB Ba'bsoll. tii« l®av®« ©f" tises# pimts w r^m 
pimmplmmtm-p Tkmmm a&ta ar© ta. 
45 • ly ©sapariiig tii# of fey ©##4-
li^ s lH'fcJi# 'SE mmA BFK treatasmts. It Is #¥t<i#iit thmt gr#.#» 
m«h mxiM A»-rl#fts «la wmwm ««pmb-ie mt alssortei^ g ph<Qmph.&rmm mA&mM. 
%& tti# sii"bsoll,. an  ^ t^ ^at tM« i.g prolia l^-j s©# ©eat-Fibat;.* 
lag to t-Jfe© P&&W QT&wtii of ttoss® ea SXarl«a ittbsoll* 
tatel# 45 
WhosphoT'UB m@ :p#.^©.#afeag# of {ii?j wmlgUM SM Imrmm 
ot s®«iS1.-isg» gpeW: im OM rloa,. S 
S«d 0«k, 0.095 




Witeht wmM mM,^. ik©w#*er,. applleatiea .plsosplidma -dM 
ia greafclj s'feg0ffpti€ai,g. «.€ slue# Im&k ©f 
pli#sp'^ orms generallj A©»s xmt ^atm# # It Is 
thmt ©onfiltisms »ss©elat«<l 11t fcii© l^alsi^ esls w«x*# Mwitlag 
fcia.# •afeswpteiim af m ©.gfteoims# 
Cisl®»sl# « ©*l,<»r«o«® .snails is vtth. 
laiaw @l#a^st ^tlclmyziMrn* ,4ccor€.iiis Cmp Fixfig# 
11959) "bm ©auw# by ©a© of »ewri^  atimoi* 
.1® tHe ^mm trm^xmxxtXf -imm  ^ limit-
tag* mommmm ©srbosa.t# d'#©^«s«s ttis ©©.liiMlity m£ 
twma. mm& ain^ip mXmmmmts^ mm- v&» m&Am t# 
if gm^  tr#« .gf'swtli %# &m Cl.«ri©» C h-o^ lzon 
tm# fc© Fid 1% W%m mm&mm 11»« 'T& 
A tbig t:la® sciil. «s« wltli 4 s^ 'ssal. sialpliiarl© 
aeid at- txb« w&tm ojt f*tS- tiktmem p«i? IS,. 300 gi»«s ©f -€2?|r 
111® a^ M wmm «ld«€ luiefelj la mffiei-est naan-tlty 
%o mm%im$t,%m mmA, «i:©*er tfe# si©fl. wlil<sli wmm tm aia.#w 
quiete -^ ontmrnt &£ miA. wltk all -ssil 4f%«ip 
mm.% tlW' »&l% mmm es m and «i:i©w®€ %© 
«id ,a.t t*« ife waa rmmmturmtrnd wltla watser «aft a^als. 
drained» Wii#a b&s at^  el#dtfy i% was 
«md pattad.* S#«ds mt y#<l. ©ak# .gr#ea a#is^. mmsk Ja©ri.©-^ 
#is w#re; tfe®s p3lmmto<l;» • "Bm mmU. «.iia ®ia s##4:» g®a«iamfc®A "fewt 
ail wi tills a p#^ i.©a tmm wmrn^ rnm Oai of g4 
g,®i?-axr»ttag ®«k only fsar e©ffl#X#%»ai g-eiwisafcioii 
t&® 3.«av©:s ©f »»!*» «ad l©fe#s* , :iMriag 
fcfe# f all of 1940 tbis .»©-iI wa® «gaSii, 2»«p«mfc#€3.x a&d 
w&» latei* ta- rn^ mmMm Tim. i*#d. ©-ste s#«€s geml»m.fc®4 
«a# €#*#1.0^©nt mmm fail* bmt &11 ar-#®€ltas© 
wmvm m&mewim% m.tvmtmA.m A ©osparisiiti of fefa® -ftol©r of l««ws 
plants oa tl» aeldlfied aad s-olls ali©w  ^ ttiafc 
tlM plitnts mm acldlfi»>i soil 'im& gr#»a«r fte# 
pH s®ii. WMM *7«4.8 as e.0^ar#<|. S«:i4 tli# 
C5Q«iter«i* 
mpwILm  ^ &£ 1941 r^®il oak s##iilln^8 w®i?# 
©a nafcj»#afc#4 0leriom sufes#.!! %& ««##.rfcaiii if tim 
"could l># ©pi»&jlng. with aoluti^ m®, 'nxaai? «l«eafcs». 
$&© firmt wa:S m &m,m p#r s l^wfcloa mt f«rrou8 
1fiii« solution wms mpwmjm  ^ <m ImtU sl5«» t:li# 
first applica%i«a *&# follwsd, m w#«k l.al5#y « 
s«eo»<i.,. smA mAAlt±&mm3. spi^ aylags w«i*# «t febi*## Smy lnU -^a?-
a .p«rlo  ^ or tkre# ^wseks* ®ad ©f m±m p&rto  ^
mo h-mmmt%©i,^ #@'al.,€ to# 
Ji. spimy tl» ioll^ wlag. c®ii#©«^s t». 
*B01g* 4 %# «• T*Q- ^aass- w&'W IS 
•C11SO4# B * 1*0 .sw'mm p®r 18 • 
ZnS04  ^ •» 1,0 pes  ^ 18 llfe«i'a 
R3BO2 . •» 11,0 per IS llt#^B 
Tills #pr«j *a» appli'M &t tla?## #«y i3a%«t»Tala. foi? m 
p®i»io4. 0f fe*o- we@ks: %afe a® wm0 noted ©» plsa%s* 
Still la#@p a .sffmy 0«1 per smlplmfc©- •-wa® 
wl.%& a© feeaefteial r#salt»».- Si# .fast fctiat tl» l#a»s o.f 
.plaatd #«apl#t«ly &n4 tfe® BaSa wey« 4&smmnt 
may im'f#- y«sp©^sl'bl# ur tim tBmMl£% eGW##% tliis 
•eb.lo-.i'^ siii 'i^' m^pTm^lm^rm 
Dafiag mmmm^t 0t 1941 Bome .^f Iti® la.J©e-ls.l©a 
t#eliaS%a#  ^ »'-#p#»'feed fey l^ ach (193G) w#y« tt.s#4» la th,®.s« • 
trisis the wlmk ms& tUm tip inJ#etioa w«r# *#apl@^  ^
&n mim of fclis ©ale plmsfes gr«wa cm. tehm mmmMlttrnd s©£l.» 
Sli# m&%% solntlesg w-efef 12.) 1 p«:^  e-@at f^ sroias 
Cl;| 13-J 0*0S p«i* e«iii% 
|4| pm  ^ isij©eticm® 
©eafeisu.#  ^ fey m pertoS of 1© %©• if B®£©i«©. 
«nd during t.li# iajecti^ a, ttiQ plaiats  ^ uiiloh afc life.® ti» w«r# 
g3?owiiis ija s#il. ao  ^ trnxch mbowm: tii# w.iifel.ag pere-satmg®  ^
s#% im.-f'.iromfc a IS iia©fe. elect I'm sq- t&afe 'fei'S2m:pirmti«a. .. 
•wmild l># Mp sa# wottlsEl %# tii:a$iJ3a f^a. the 
,m Isli# l«a.*#s %wmm.^€ *t%& 
smlts neeTOtie »p#ib# wMeii s^®«# m.T^ Wm 
dlM# #».» ©Jf tbr®# Xmmwmm wi^  1 p&r 
tmTTo%m  ^ ..milphafce bf %lp. ia^oction »feliO!a. &.®-m%Qpm€ m. 
•AmtlRttm gffmmm h--mm^ :&m3M mm tmsh s.M##:. mm 
til# .laftis ^mtns wliic  ^ ,!!&# %#« .»t*«i»#idl» h-msA wmm 
m#j*# ^r&mm thmi. tt# bal.s»## ©f tMm immf mA 'tlbm 
aa .^ 1&#«a luaioatlT© et & pmvl&mB ir&n d#fl« 
i©l©ii©y,# Si### mxpmriM&ntB wm^m &mm&ntinvm4. 
ef mt sulfcabl© pimmfe® «i^ <§.«& ,g®»ds, 
Wiil# fe%#s« ^ xperi^ fit® not ©emaliisi'V® ifts to tia# d4r-®e% 
liai-feiag ffte'feer Aa tls.# t».i»#® #@stfl,l»gs gf-©wi @m 
tM,® smbsoll Siei»© i# mexm TMmm&u A&fe it may "to# 
iStti© teo l.T&Xk tf6jp.iet#ia.ef» da© &t tia.® 
i*©-sp#a#@.^ to i.r=cyii iii|©©tl0n^, tim tm&% tia.a.% autboj? kas 
pr« i^#a«3..y ©blorosls of •felgtels: ©a., alkaliii®:^ . 
calcar#0m# Bt'tes.te*' aoii fey sprs-fiag wi%& a ©a# #©&% 
.ferroiia- and thm fsefc t.^ % t&i soimfeillty, 
ir©2n,l© g3?«afcly ia slkaliji# ®:©i3.s all sap-
p#rt tti# tUmmwy &t i»a -&k.flc 
Mgeoyrliliia© of hmydwood# 
As mmm mhemm. Im tk# XttmrmtuTm %Mmmm C1927), 
mm Menm mAim ciagsi, mmmg^ Ci9i4)^  • 
ScDougall aad ClSl©!,,. ,«ii #©:ettr 
on «iif til© limipdw«©ila». m^coTTM^mmm &% #g]^ e©i«13Ly 
prsvalemfc mi s©s%©r# ©f tte 
and F&gm©«#, AitSiQiigli o©#i»riiig 1» M»f 9tii@3? .gr©«|»s-» Am 
wifek isoii4f#:ro«a .llttl-® Is teitswa .m^©«fe 
liai»<i*©0)a sai. tiieir 
fftili# dlsssmUllsg lt39 wltfe »k. miA 
g^®#a a A. as tli# Clarloa aad Eiadley #upfm-©# m.A «fe®ells, Ife 
w«.@, f ii^ st umtrnd tfe# i»#€ ©aks  ^tliie #®11- tiM 
©lasfe^^s df" ©etotroplil© wliil® mmm: wmwrn. .pi*#a«at &m. 
my <3f tk# «» tt.« Clsriom safe®oil. M0 mmrm 
f©im€ oa. &sU^ M&wm- #©apl#t# »©,%«# w@r# ©m tl» 
ocearres©# #f ©» all s^ t^liuss gr0*» 
t®. 1,94®* Siis»® otewrm'bi#!!# #&©*»€ tl»:t 
,rkism#» tmd#r tli« ©oadltlons feb##® ©jEperlsQafes.,. w«i»@ «#m— 
f:la€tf feo r®€ ©fel;.*. M® ^eori?lils«# mmv-m- t&wm& #a greaa asli 
^«e l^0iai ©:1a aad repeated of l>l,»©k locust gjrsowlmg 
#m i:»t»iil#j ».ll failed to dt#«l### aaj #m 'tliia -^ paclos*. 
a©€ mmM mycofrlilm*® vmim mm. plsat® Jfrom t&« 
asd sa%«»il. aM » f«w wer® ©a. pl^ ts twmi Wm 
Tnm. soil.* Mm. m&r0 t&vm  ^ ©m plmt# i'T&m 
Clarl«a smri'm©© safi mxh&oll ©i? :f.r« a#i #ii^  
asaftllf #eeuFr#«l is. atteli . elws%#i*« 
liglit £i'®y la col0r» It w» not®€ tikat *«2'« 
ato»iija:eat ©a. Eiaiilef #.abs©£l ,wlk#». tli# la%fc#r w*s wltla 
i:iltros«»* la all tmstmknm® plaats wlt3  ^ SE' IfE hM4. 
mmw tboa# wlfcli K PK* 
. iiiter®st;lBg data ©a th# #r F«dl aak , oa Slai»i@si^  
£,-lii<il«f sa<i Tmtm. m%mtsknm ©oil# ai*# pF©®®at#€ ia fai>l» 4S« 
•Si€!a# illustrated ia Flgui*# ^5|,. 
rills*# mmf hm Importaafc t&w the fesst &£ r#d oak 
altliou^Ji i.a m& # i^4«ac© to Indicat® tim fun&tlomm Qt 
Slljlitlj plxospi02»m@ was 
wsA #ak. on. £i»dl-@y .s©ll ».. tli# diff«r®ae« hm* 
tmmmm tiil.p and %im qiaa-ntlty &b80i»b#<I bj «®k msk Clari.®a ©ad •fSMi 
wa.@. v#ry sss.1.1. ajad .nat- e-rl.M%«l« *i.% .^g#a wa.# afesi-
Ama% .la al.l. tlare# s i^ls «ii^ . M» fset 
liie».ft»#€ Is ®a Mai.l@y TOto«#ll. whes w&m 
m.-g-g'mm Agaiasfe FQ©fc s1srm©.tm».s feeing &t in 
thM :&%BOwp^i&n ot »itrog®a.» It is- p&mmXhXm B^eorrkl.ssa© 
al^ % alA til® 0#«dlli:ig.© la. ae^ulrliig m 
smpi-plf 3P ©speelallf .faring periods wUmm. th© © -^spo^patlm trntrntem 
ia lilgli* 
f mm# m 
)^&'w&X i^pm&nt of resa oak on B&w®ral uatreat^ d 
soils in relafcioja to tli« 0cewii*p#»©© ©r 
Cprairi# Boil) EoiX). aoll.) 
So®# 






S i^l 6,:« 
•fafeml nlfcrogea la-'seil. 44S0 
(ll>s,/aci*#| 
Ollut® acid-selmfei# 
plaosphoran: is moii g©*4 
(lbs./a.er®| 
I^ cbangeabl© potassii« 
















On# oM seedling a ©a 01arli?a 
LiBdjLej {.©©lat^ r), asid ^mm CrJL f^cl nurfae® .soils* 
S«®dHiigs W9r# Boa-si^ ewrliisal ©a Slari«»j^  ^oor-
rhlsal on mid ©llgtitlj w^c.mwhi.zm.% on TKm^ 
••"ICS* 
FACTORS Tiis QMos® mif Mmxm^mmm 
m 9mm iii mm msf cr:wmm wmMXMm sisidM 
'Thm mm.mt esaferal pi»mirf© p«gl#a is mm mplaaft 
gla»iafc«a pX&txi lay nmp^ow ©lat 
fey gtF@-®s». #f tli# djriglaal glacial A:i»lft &rm- omvmwmA 
liy 1©®»» 0f vsryiag Aiai s«dlJa»nt-mFj :i*©#lc 
«w.,%0r©p& SF# #f miiiQi* «isi #eeiar #tsly tim 
mt^mamm ®»a Im mimm- of pmtm %ti» .F@.glc>»,* 
Orlgls&lly tall grnaa ©ceai^ i©#. <af tti-® 
ri&t .^ € tt^ al&fclag. ttpl«d *1  ^ *#r# ©^afliaM mrm&m 
©r row-ha r to t^^ grftpliy «a|.s#®ai fe© fli# 
w&M found <m B&ilB fV'mm feotM, trmm mil 
t&.» m|#F p«ri©dii mt aa4 £wem. fefe» pss'ii^ a.s. 
ot 4®.|j®.eifci©a#. «a »©ils <a® l^ir#d trm& 
thm «aa© -prnwrnrnt 
tti# prairl.# a#«t €### mad 
Irti# gia"#*©© s#il.s ap# imrk in faigb. tm wgaisi# 
*fct©r s,ii€ iilt,ip#g®% asmfe^mi dr .©ilgfetiy i» F«SJEs%S:oiig( 
go.€>a -sfcriaefctti?®:, maM ©apabl.# ©f yl.«ldl:ing larg® ©ropa wifcliout; 
eirop gr#wl5li a^sai*:® t© 1># i^iesph.©^m«.» for 'Qi# 
p«rt «.!*# liftitw msmall.y ^«iigltig froa elaj 
«.ai«S3  ^ w allty ©i&f t# pi«p® mff Wm su%so-l'ls 
-ft## aMc-s-lim® im wiiii# 
rn&ldm Bmmm»m •&£ hm&wy pmmnt m&MmrimX wmS 
tsiaaMtlsg aaay mrmmm &t. #«:li-e Mrnvm p&mw 
Sjife-e^aal 
for#-slfe s-oll.s I^ttrnw fvtm t^ j-o soil-s- i». tlis.%. 
tim mmtmmm . hxmi&mm 'mrnllMWg .llglitsr. is 
iii o-ygsoiie «t%#r «a€ nitpogen, sore a«td, mi% ©apa%i© 
of' au»tea,i«#a: m^mp ps^odoetioa without suppl^ iaeafea  ^
jr@,i*®:»'% subsoil.® ar® si»iiar to to### #»0.©pt 
tfe.©y mr» tett- eloser to surfaee undc i^? a'lml-iaF 
©#ii€£'fei©as ef tepegf^ spfef #0K#ti®»s Ummflrnvm. •'Sbm ^Mtmwmnemm -
'b®t«©en ai^  p»alri® soils developing mm t^ © ^ar«3a%. 
amt^ rtal «r# t© %m v®gefcafel®a 
fedp^gip'apto.j* • 
i'#gl#a. as -a wimtm Im w«ll *a^©p#^# pr«©ipl%mt.t@m 
a-versG^® $g- inch#©, aa# mwrnvm^ relstl^ i® Xn 
-ar@iss€ 'W #«r 72 0@a-fe ©f m.» pi?«^S.p» 
Itatlos oo©um tn tli® aoatJ-is A^w€% t® 
Uixd#r fefa# oca41tl©a® ©f ttjls F#sloa a • 
will g.rew and #sp©eially if tiiej mmt 
Iiltloii &t mttmrn :^ %amtm:0: 'Btmmm «s»#s CI) 
slow ®®§illi2ig- gfewfeli pf t}ie ti'«« • sp#©t-#«. sAs.,pt.ed ta tMs 
wm-glom^  ^ (B) t-fe# 'lii-gli .aitrosea fe«iit#sfe &t csf sails, 
l-Sl l#w -availability of phom^m^m Mm B&mm oX 'Si,# mmx'tmm 
•s©il»-,- (4) ti© Mglalj ©alea»««ts mxA mJMmlimm nmMw^m @Jf aatty 
••ISS* 
o€ til#. suhm&tXm mmM of s#wer«,l muwtmrn #©.11.#, fSJ %hm 
©r ftfflgl ««palrl;© of sui &Am pm&T 
€^«iaag# aonditloas of s.oa# ©.f tti-# .sails,* 
1,« S3..®w ef, %.!»©« s##€3.i«iga« 
To ©sta'bl.,l»&#(a «a mm mw&& m- plmM mms% fe«. #,«ia»iit 
©y ©o*aomismt witli it# mm mlsm hm mapmhlm of 
«xi.sfclH  ^ .in. it.^ ,3uM«iasat po«iti©iii« mpm&t&m 
XtMh»4 t© ©f©wd ©at s-|is©l«« l®si.e2» w-g«t?ftfci©s '^ 
#ima.lag mi& tta Is -fc!i© ..e##aiias 
0m s#«m it .is feat gs'ow 
fa#t t© g»t ligM,# fasfc 
fc# kmms  ^ «la.#s€ «f til® 4©«iiw«;3?4 ia@ssi»afei©a- tela.# soil 
mUimU »sy i'rs® mse tjj' 
It is probafel# fcfefi.fc Ismisliltj fes 
a©v®l©p '811 T&mt is tti# e&l#f .is .###4-
llmg •moiae tit# .lmi^ 4®ood0« J»ag. tto 
ii»telltty te i*.*p.Mlf d eve I Oft W,mmmm ©.a i^mtol© ©f 
.#ssa;bXtiig fell©. ae# l^liig fc# laigii tti® 
lla# may to# ©f #<|mal. 
S®#:#l..iag gf owfeti mt ©..oaif#» Is g«a.«r^ l,|,y. smSa 
tl^ afc ©f ©omp#ti.as v^g#t«tioa ..g.i^ ws 
I'mjpidlj' ^&t« f a-et g©©® . a l«Mag way la. #xp3.ai.'ml3as ti»« ala f^c 
eomplet© .afes.#a&fi ©f «©sif®i».s .im tfci# region,. 
£&&% &ar€wo©4# a.s .a. el*#.# ^#©.0a#- #iitftfell.sli©d 
readily tliaa dm eo»if«.F® earn %« ^Mptl.y 
t© g^#at.«2» #i,s@ ©f #©®.i3..isg# i», tai# 
•••Is©** 
mtA to tl e »re growtlx .Cte, €st 
p&ms? sp#ei#s ##ia#tts#s wil^  
gi»©a.fe«r #ase %lim aa w&wm fertiX# Isfgsly 'beea^st &t 
tli# r#aAxcti®ii is. '^Suslfcy &t W 
eontmins dmta lllttstratlng «v®r«g# liei^ ta attain##, 
0€>«# i»x?s«ry grom seedling® in oa# growing mmAmn* .Timmm 
wmwm all grown, wltb i^ifc, &m& wit^ i #ptlww 
wafc®:r,.. attd l&s eoislfers wmm gima .fartlllis#!* 
fabl® m 
li©ish.fc of soja© oia;©-^ f®««»old twmm seedlings-
gro«a mi tli# Stute Forest Jtoserf, Aaes, Iowa» 
Sp®iii«s Ag# -fciws 
Pli3.ua stjpobus i-^ .o t*# 
FiRSS "baalcslaaft %*Q • • 
Plaas pQ»d©i*osa t*S 
Plmus i^ sijsosa X"»-0 1*S 
Psewdotsimii taxifolla i*® 
Ciu@i»©us WMXX^. 6#S 





S»- fli# mf feii® ^ olls# 
Im fel» d@gr## &t F#spoas« tkst ai®:y will, 
s'-or ftdditiotta of a limitiag f.a©to3»» flii« is t3Pa® 
tls# plants l^ #p#atlf slow gf©»t^  #r fast, .gpowimg* In 
featwe-wr, tta# g»#«tas plaii.fca appear !.» wmm'Sftm&. 
m0f« tlisn sl®w growing plaats*- Jt i^ ai^ ating 
S0^#, t# ftd^Stioa of a, lialtisg t:ye# @#©d-' 
i*#SLilting fi»o» tlsat woaM 
fmir#r fcfa# eo^#tias ¥#g#tetl0a and. fc© 
It 1ms '&##» will t®. 
iiitPog#ij. «dd®d td soils #rigliislly 1#* la Sils #l#a«ii.%, I» 
thm- €##»•## ©f mmm-prnmBm 4mmm^sm§, a« %li® aitr#®®®! 
le'vel fell# #©11 iaci*eas«il, &ti. ^ proxiaa.t«ly BOO© 
ft«r# ai-trogeB la- tli© imtr«a-fc#€ .soil fche 
,gr#wi is €Si» fall## t& miitm- mw 
1 &ppr&cXmbl0 .respoa©#. 
laasat^  ^ &s g2*m-s# pl«s..%s m. fcyp#- &£ m&mp&Mmg 
vmgmt&tloB often »|: Sm ibm a»tai»«l artifleifti 
©f te##' aa. w-%® aft^ a# ®®# &«©* 
a gFa,»a would respond to ad:dltioas ttltrog#a m»i pHift#-
pliojnas., A oouliS tiiea b© iiia.ii# %«%*#«•» iila# :pmap^mm@m 
i.-, O'bsei'irailoiis or tr5i^ s©®dliags' gre^m'' in the greeidr^ iise 
©at-of-'doopsi miggesfcs tliat witli higher tmmXdXtj mn^ norm 
uniforai fcempei»&tui»as Jiar6.wooil s©©-£Sliag@ will «iiow a great#? 
total r#®poa,s® to of nitrous* Under gTO@i^ ©us« 
eoBdifcions g©0dllags mmj somtimes mhow rmmponsm to nttrogmn 




Qmmp&vlBfin Qf responses of 06.ts,j,, r@d oak 
tei .gv«» ash to nltrogea and on 0'S©11 soil# 
welgiit £© 1 !"" "'-x™- 0  ^ ss 
par-^ entag# of t pereentag# of 
Ifitr-ogea B«0 tFeafeosmt 1 FhoaphtiTus . tr@ate mnt 
level Eed, Clrs®m. 
OafcB O'sk ash Oati oak asl^  
IM . 0 . 0 , 0 • f • ^ .•0. 0 
. B-1 F-1 . 
40 lbs. .S67.0 la^s 1»0' 50 lbs» m a4.*6 6*S 
H-2 .F»»g 
80 rus» 701,# .M*6 •"S.l. 100 lbs*. m 
ITH5 Pg% 
S-3 P-3 r 
160 lbs* • -fto^o 30.3 200 ; m |St,S 
SH3 .„- . ^2% 
&t ti e ^as® plant mm& twmm rnrnrndXlnQB-m- F®r 
0:m% pXmXkUm CRichlaiid :i.#5|- *»r# m: m^SX «t m»y-" 
Ing l«T<sls mt nlfei-oiiea mm& fli©splH33Pus« #8 eoataias 
results ©f mM. tii« wiHi resullsfi 
o t^ aimed wife wmM #«fe' aM: gr©@si saii gj»o*m 5sm€®i' #«& 
eoiMltioas* Fi.s»3P# SS lllustrnt®# 1» ifa# ait»g«a 
#f #mt .plaftts ai^  i»«€ ^ok. 
Th.%B® ilmiss *11  ^ O'Heil ®a wliieli asli 
•slxo*sd  ^ » t# ©sfc cislf -a 
sli^ t s^AOw#d a tr#*@wl0m» 
m 
Reistiir® r©®pcMis® of oafcs ®B<1 r#4 q-bU to 
different- aifcrogen on, 0*H€kll molt 
%ief% to B-O, M«l, S-3* 
•ISO*" 
ar@ i'#p»'es«iitmtlw of gma® 
plmtm. i.fe Is th.&b wltti iii6r#sasli3g. tiiimgsa mpply fell® 
teislty &t .^mmm mm.mr iB^owm. 193S) mid %im -^ logre© 
tifelea wiii lsei*eas# Since th.m ««« ©oadStlms-
tnewmmmtm^ sitrogea- supply tjr®e llttil# 
1% is ©irld^at as- iil-t:r»g«» sapply ©f tii«- ii©ll 
iiier#ms«s %wmm s««dll.iig» at- aafl 
mould init'S'®. .difficulty in "bs-eoaiag. At Iw-als &f 
mmt% nttX'Qgm& t>-@i©w SOO©- pmr mmwm rnhm'^WAtlemm 
'Siat s f^idlii:^  d#velopa@»t tg n@% ms 
mmwrnwrnt-y a« ,i« tli# d#*®l#i»afc ©f g»»s« 
Im s:f tbe f»tt% -fekat t&e .s#lls &£ tomm ar# 
lii^  la i4lfe^Qg#s CBi»©«  ^ Itsei mmpw&wt m Mmm.^ grass 
«#T©r, tl» alft*a»Ba fe»«- :g##€llmg. :iiad#r -felisa# 
«@» %# appF# i^«fc«€»  ^ 0# 
wlter# t#p ##11# tiigla. Is mXtv&gmm Am n&% rmMJky 
«lll £**#1' Wmm 8##aiiass tmwmmt 
mmw r^ stilfc* 
@r©d#cS mr#*® .»f«r©at#€ 1% 1ms tmmn MmtmA 
Wmt to««. ##ediBg.a  ^ €# to#t%#r «. »» S^ally feasMs thmm. mm Wm 
v#g#t«%«a 0li©mM#i?B 9t th.m gialll®.®*. Is #:sp©«ially tirtt# 
tf «!.« mlssald#!* smpffsfts a grass «-fsd* It- la l5#li#ir«d t^liafc m 
pttrtiel. fmw- tkls slteatl-oa, 11## i» tto# f-aet 
fertility' soil ia tb# .gtallj iis saeii- l©w#:r tliss. tU&% 
#» at# siiOuM#fs» Wmmm .s^mith. wgdtatl#!! ia 
.g»atlj r®<lu<5#dj^  w%#r 1» a©y# afallabl®|^ . si»e# ar® 
m&t. m& %m fertility, m&l'f fcjp#® 
g:^ #wt§i ia •grn&M.m ©a Mi# gal% #li0iaM#rs f 
is 'b©fct«i? for tjotji %wmm ard gra©,### tlj# gr#w4ti. 
Qf g^mmm sdii s©l®:%ar© rapidly lifefel# Im 
a^&ilalsl© f©r fcfe# aafi m# a result growtli 
growth ia galll«® i« enliamed ?TOxi«i%f t© 
mt#3p tm'bi© miA tli# tl»t »#p:«g«. t#Bas- %© "b# f ::ros 
shoulders t© t&e tr©agk«,:. 
ffe# 4«fc« glwn «li0w wfe@B. fe« al.te©g#m 
eonteat mt tti# soil 1# low will Qm»w It 
ai-fcTOgm Im Is additlsm i% .Ims. %«©« -siiewa t&mt at 
'^ odei'-afe® lewis uoll iil%r®g«a ©st plant# «li« a .gr«»l;#3P 
wsp^ass tlian fci?#« s#®Al.tBg:##. 1.% tlim, 
at r#latiTOlj Mslb. soli fertility l@wls 
fe«few«#a s@®ailng« ®wi s'^ mmm ir®s^^^ l^os, wl.il "&« &#€» 
will in gea#ml "to® to tUm %»««* qa«.§lji» 
mi«5lit tlmn hm mmUm^. It mv0n low «©il. f^ertility eottdlw  ^
tl®»s it *0mM te# d##tf«tel# f#-rft£lim@ wi.th t© «1€ 
s@#41ias g£»owl!li #stmT3llalm«®:fc». €a^%« d© -XMst 
auw©!' ttii# •q.mssMoii %»% &m^ tmA t© 
thMt within thm i*«iig« wher© ti*©® s©#dlliigs will .F#s?€ai^ :j» 
t>« sl»e.« la ttils .x'sage grma® pl<aat.Sj^ , 
.particularly, aad 3&m& other t&miB #f Umw'hmmmmmm wmsmt&M&tap 
g:®'Ow relatively psorlj# 
5* jiis#ptor»a ©f tii# 
Tn© amta :p^#¥i0usly p^eseat#:^  f&w lndlc&%m 
,€«mifers without will respond ®mmmmuBXf to 
a l^fciss of pSiospJaorup ana ttmfc &sj?€w©©€® will i*#sp€iBia sliglitlj 
If thm #0il %m "»^y ,l«i^  ia wailateM pMJgptopit®* 
Tim f a r t  t t i a t  m e m y .  mf tim swrfa-c© »®ils, ©f tbs ©©Btipal 
pi»sl.ffl#. mffm .r@la%Sf#ly low is amilsfel# 
Sp ,^: Fi«»© 1940) would tm»& tm 
1# a. rs#:t©r ©gstast tM# #@lsatollali»afc «f eealf^ ys*-
ils©a£. fete Ife Is doutotftil, if -tehis tmmtm' tm &i^ g®m-» 
ft:]?®! iap#rteas##* A #««paris«  ^ r@#p3s»® ef 
ma gr#®a «sk .t# ^mm0mwmm ,1» 0i¥©xi ixt tafel# 4a» 
In ©f tb® ia-. »&!#&. iilt2?©s#a Appears to mtfm-Q% 
e©sp®:tifci®s,3  ^ Im'risg in tli# r#ia%i*#ly go©  ^ ^^©sptera® 
1 esi>#tt»#a -Mimmm, toy »€»»- of tlm plnmrn .fey re€ #alCy  ^ fk« .., 
ta#stii« ftg t© ©f wo^el# te# 
|j#.»«flelal #:r d©tpis«iit*l tm ^wmm seedlings S0i^ #teitl©m wltfe 
^ammrn Wm- following was #ari»i«>4 osii t# §»% m 
ll«iaa.i^  iiadieaticiti. @C Wm |>ossl'bl© of 
ia oomi>etiM#s* 
ia » 0*H©11 #©11 i^ck sm®pwi«4. * .^ i:#rstaiy 
grftsii- s©4 was ©Los^a fto Fqss- plsBfciiii; 
wowm wmwm tw^ tw©.. &£ tbmmm mmm m %w& tpm-t 
wide strip of me»A w&m vmrnvm^m Baafe. ©f t'h& 
w&s %hm& , %M bslf eafl ^e^m-gbs^rnm- • *»» mppM«#• t© 
aa#»']fesl# mt' row wM.1# tlue ©ttxe -^ .lialf «m« %^Q 
tjiaftfe tlisa l^^ aiifc«4 ia t»h» rowsn 
fcii©p» few© :r#*s of loemet ,mnM t«@ o.f msli* Hi# ^3p®«« mmrm 
.s.|»ace<3 feet apayt- %m. tb.# rows m%  ^ pliasplior'tis w«s 
MB 20 per eeut sttp®i-»phosplmt0 mM th» &£ 20 grsMS: par 
15i# of tail# mm iB. Tmh%m 49» 
Tabl® #« 
A'yems© total aiioot growtli pepo®atag® of' I^i®p:pl5»rsyi Jja. 





























S9»g 0»2SS a.? 
0.215 
0,43'7 
S&eg# -ta%& fur mpm%ms fcl^ t 
»asurablj .s#©411ag g*«©wtM». Tor it 
Is slaom iser#sse€ tlie growth tr©#® is ©»• 
petition '^ tli grass» iatli gwemm mmU. ^b&mpUQwum iil€ mo% 
m%im»X&te growtii &ven %itl# w&m im 
l»g0f» quantltlM. hj it 1» @ l^€«iat feat dlt^ 
w0mmlMm s» fil*l*«®ie€ :iai#fei»#i5.tl^  msS fcha t^ additlom  ^
€&%», »!»« .mswer tli© ^»©sfci®as:*. Wmm fela©!: lo©:m®t 
sppesr# %0 follow tr^ m :patfc©3?a. &i' hm^hmm-^ mm t^ ^mmm 
1#W) mhl^ M mrm la wltli.p-a.S'fcw«'« s.ras»#« 
addltloa ©f wlili# mdilifeiors mt ail;ri5g#« 
Wm ©©aS.f#rs ©ad. otfaer mwrnetmn ^1©  ^ Imwm 
•difjri©ml,fcy ia .g t^tliig •.«& pl^ sphoras supply- w©«14 t>e 
ia ©©^©titlon fey &€aifci©a of tlila -©lemsafc cmly 
W —-•-iMiiM iff''Mi-iiitfc' rrfti ili'iitf "rT m'li ...-• .v.,. ^ -^ -yr^ yr aran'T fiit'*'iftiji't 0xpmTSM^^%@ ©an itasw#^* 
4«. AXkml,.i» ©«l0a»©tts soli®* 
mt %tm s l^ls fe.# p l^rl# r#gl©m 
ai*©  ^ #al»«f®otts aa# alkeliii® la. t;li« ©iirfac®., a»i^  msay a:f tli® 
pWAlwtm. aa€ '»#« ©I* f©i*@at B#11® ef tijl® ip^glom 'hmwm alk««-
lia® MgliXy ®alew##«a subsoils* $mmm sp##t#s %w&®m 
ab^^mfe wM^ela., w«, «r# "r«ry 
11m# .soils* 1% l# general kaowledg# tlia.fc »#fc t&# aomifws 
sr®- ssawrsalj- afr#«itea by alalia© a.0ll.s„, jr#€ «Mar #««ag 
fc# .ffift tim iaiii?^w&0d» witM;,. 
asii t© 1^© fairly fe#l«raa%.^ ®f -slltsliialtj #«& 
ysit^ fes sfMS.laf*ly to thm pimmm* mtm mmmmm %© Is# l®gs 
t;olei*^% mmhmmrm&mm alkaliiiifej '^ laa gr©#a »i»© 
iioleymst tii-m. . ®«k» 
On fli.® hl^hlj calcftFeous Clmflon d herlso-n tli®. a?o©ts &£ 
wm€ &mk. *«» w^Ue^Xj inliibll;®##. tes febl». subsoil * 6til@F@sl« 
wm^ nm nm% .dm# fc# €.#flel#^y nltrogea,; p^sphmimm 
•d '^wlo.p## ©» a?«d o&k .^ gr#@a asli,, as  ^ lki»rl@ssa; «!»• 
 ^%&« .ftlkslia© W;@%»fc» |m®k yl»©. was ©ldL#r©ti«. 
asid f&lledl to Wfill© gr.@«» ftsli, mmft&red :r«fesrd®4 
lim:% was n#% .ebls r^© !^©* 
rooj? m .*lfealla# soil# imm attrllsut^ d tm & 
niKBi'ber &t. mmummm wlileii «r« CD immwUmteilitsj mXmor 
(Cemp aai^  Wm^^m 1939), (2) eal0lt^ -p®tas«i» i.a:feftg©-
iil»i Cl3®.vMso». and Biak© 1957), aa  ^
ability mt jAmsplmrmM (Slhh&x  ^1955), C4.1 (Ciiapaaas 
1941.md p©t&saii» sti# md«.r ®xt»» e©aM«  ^
ti0tis iB} kojxieit:|- iifdro l^ ioas* 1% i.@ T«i*y p€»®#ifel# that 
rnmme'wJL mf mmmmm ©* poor growl^ fc- ©p r^atlw al; 
'tli© »•««« %i»#-
01s.ri0» 0 it- tm «ugs©s%©€ tl»-fc tli# 
and pooi> growth, ©f %wmm s@«#lias# aay l«w b«®a tee to lsatjill% 
to ab-sort> wsa aa*5la- mor® mmwmTm wltls. w®& 
c^mli fehaa gF«ea aafe. ®la: md Ife Is posstljl# -ttiat ik# 
m&'V&itm- %mmak asy iteat# b##s. .rssf^ nsitole f0®.tli@ .is-
«%illtf ©-f fe« #mte fc© wli®a. fei# «l.«»mt 
*« added as m f@-rtills©i»« 
to- W#,&st©.r sk^£s#© .sell whMvm ^©«m asls wa# wmt eblorotle 
would mmmm »st probable tfamt tjrowfck was du®. t# 
i»«duc®cS sirall&bility of piiosphoras petassiw*. WMi |m©.k' 
pl»« -^ iere olilor^ sis developed aai d^aMi ensued the- »ifeaa.t;loja 
my b© slmilai* to tJxat tor oak» Slue® tli^  ©iil©«fcsl*. 
sff-adimlly .is J^s®k ptmrn .1*. is pegsibl© tliafc .Irom 
tiav# %©#» pr©cipit:a-fe#  ^ %m e©ll -sftp' wm.wml%&h%m m.-
#ugg©sts iamblllty m£ pXmmMm 
pliospliorus at Mijii, pQ wmiMmm ±m dmm feo Taet Wi&t 
m%-  ^-wmimmm %U0 g«la% mt %b# 
-eolloidal Btle©ll®s la. tiie r##* m€©i*go aei«l loaiE&tic®. 
wlil#b la frii® ®»itibrane3 fesing. asgstel'wel.y 0li.fitrg«a« 
itei#r ions :mm «;aly wtth 
g2»#at diffieultf. Ba^r#r aagg^sts Mi&t und#i» mltoiis© .#osdl-
ti®iis ei« plant through respiration COg wJai«li 'ir#<iae#,e. 
tb© pM mla# at t^  o soil solution mrmmd fch®. Po©% 
mad b2*itigs mbout; "bssie ionization #f fi:pot<»pla®»i® isle«ll«#,,„  ^
tfe-m# asking. p»e#ll&l« TmpSA .pfeeapfaat# a&s«3p|»tl@».*. If 
tJie€>ry is l^aasltel# it %m -mM&nt timt r®te6«€ 
wmmpixmMS.m. 'toFom t^ "bj' Irmm astim 
woiiid pfeosphoTOs sTssorptioa. 
flie fa® top toXeranc# Wgli caleiiam slkftllnity la ttas 
pi»ob®"t)lj ia «fe«t «p#©i.«.ig- Gt tr®®s 
vi*® ©n ©sl«.a^«0mm seil..®. It !«• mlmm ia^0i*t«a% $» .s©iip#tStisn 
¥ii.tw#@m ealoipMli© and c^alelpiiobie plants wi^  tfe® .r#a-talt 
tlmt plant® Intolerant of ©aleitim mlkalinlt:y would b® 
mtimtn&tmd from. %&#g« -Qm mTmmm wlfcfe .alM.lim# sm^»@il.s 
it Is t>rol3a l^« tliat, ©f tl*® plants »&t tol#y«»t '%& alkalinity .^ 
Majs# mwMt o#;»a Wm f&r »isfct»e@ or satrie .^ts 
would ftt ft. disadwBtag©* Im thm em«# of tjp»« ©i@#(Sl.lags. 
#«p»tisg- wltii grss»»sj|, woaM f&wmw- tli«- grasi^ ©#*. 
S«. "®i# 'i^ QorrM^ftl 
It liAs to®«a sii^ ia' t&ftfc easif@i?# liav® €if.fieulty tm 
taifiing mxk adequate mupplj pliospli-orus I«»a 
soils »a.tli0ut til© aid •&£ an# tiiat ©» «®ilA 
la tliJ® 51ff«r©iie# llf# mn£ 
deatli.. l.t laa« fe##» als» t^ ^at .red &A m#«dliag» »itli 
sl?le male® tJi«t 
Wmm «imffll#s tlaat depeadest It 
is ftf-Mfaafe. tiiat; fsr .g&ed aM gyowfefa: -of nfttsa^mi &p 
.airtll'leiallf' s#©ailiigs  ^ tli# to tti# «.©11. 
S|ipr#primt# tw l^ oamslisg rajeorFliisml i® ¥#1  ^
.S»t ttiis im & tmmt.m' tti® i»-
fftsios pa?mlrl# tjj, trees .Ij»« s.t^ g®#t®a toy Itarwf' Cl-tO©). 
pS'i'tll® ssils th&t msm or mikmlitt® in 
ip#*et4oia, aai.. w&l«  ^ -e^aibmla as3^«i»g -ot wsimlly 
liaw a. small «.^ pmr#i3it1.y salsd i^m&mfc fwigal. 
CWakss  ^ «ai. Sta3pfe#f" XtSl)* da soils It i® 
tliftt f«!.©*% a©t at «1X 
s#@iaXiaga <l#^0Kd®a.fc woml^.  ^#lli^ fi&tje  ^ Itt 
*.i^  not €®p#iii(2«nfc mm m^ '&m^ wM,mm:m. M%m 
mm «:ali&ftF#.eu® m£bs^i,%m tb® #liml.ast£#» @r ffsted^datsiMs# ©f tti0 
^^ori*Maal fttsgl wotajfi probafely 
rtiism# fomatisja ssi: tlit# of oa 
ISa Mtmwllm smfesoiX® -wi^ . wm'^^ saaXl 
logical f^attgi ®l-,#it 'b© ®@ tw a# fc@ 
€• 'fJa« fSFa£im.8# of soil#.. 
AXfcli#'«#i mm imwm no 4rIs« &m tr©#  ^
t&at djraXamg# Is Wfy .taport-^ 
.aa% Is tto@: gip#wtli «sd p^sslfely aufcrlti^ m .#f %3?#ejs* ISmt 
Iti *jff#©t:s tb»- aatmffiiX of tjp&ms 1» «#ap«fcl%4©m 
wlldb. i&thB.X'- mviamnM tT&m Ftg^mi Bf# 
Si® €#sl-tag wl'^  %### gmmWb. ©m 
s«ll i® sxt.emsi'P®:'.,- P©#r growth md#ir .eonaitl^ ss 
d»iiiag«- S..0- mttrtbut#€ tjmstly to %• 
ehmngm*: Oa soils tliei?® Is lltitl.# a«a-
«j-a.ptllfiry mpmm* Ib. %M® »^all«F «fe«r 
a@-w»s wrf #S.©wi^ - »si. *» a y«sai% is littl# oyipmvtmadtf 
f«r :r®«al.%iiig fipi» wmt -mm& 
to sC feb« . Staiiarli" @g toa# 41fflem]tfcy ia. g®t» 
tl»g ta.t» tti« As « result ef $m' tk« 
soli i»©:0% i# ,p#tw€«<l C»Ci®®iPg» ^oi E9§3,).p 
til# »#% ©#1,1 ^Totop^mmm hmmtmms rigid aM 
«ix€ mte-s-s t^isa Qt •«afe©.r is .g3p«mtly TmAxmm  ^
i&mmmw' 1S4©'|.^ hmm #^g#a puteattala in ^^©©r w&&%-
a?#:apiralfioii «d gfciwt^ t, !»,. of .imtrieats 
its'?:) CHisa i^aBia aa€ 1..9S#|». 4®- s r#Sttlfc of 
til#®# -aetias» r<K>t.® mr# lii p©os*3.f ^&la#d 
mmAX^ «a€ i# €# mt t£»s ©f tUm jmmw whmi 
felon conditioas mwm better,, 4t»»iag p#fis@ .^g of poei* 
t^ bey ftta&fcisa «J#wl,y if at ftll,* 
®b#»# %lm rmfc# oC growfeli oH 
all t»ii% «.i»© aop# -d©p«iidaat 
apsii as-iatttr# ttuaa. or# pl&ats It is 
tti&tJ ©vsr ma «.a%lr® .Rowing mmmmmi. t:r#« ^mvth Is 
«awi*s#lj ^mmtU 
1!M# is p3?o^ably €a# Si#- tmmt tliftfe il»liaiag# ©cssSitisam 
effects of soli <3.rsiJms# tm 0f 
Afes-r©! Redj* whit# an«i bur oaks om fcli#. pr©.iri#«for®@t 
Ijojp^er in Boon,® Ooimt:y, fe-fc® 
S®l#wt "Xr©#® ©stafelisliesj on low 0a ® imttemlt. 
iM smsfs.0# aoils is of mlmrt dttratel»a im tim .aafe»©li 
pO'0jp^ 4^ali»g# mmj a» pmwt^&A mt fcis#.# It-
ftf© Qp&mtnc om ma are-a wit.*:. & poorlj »#f«,feea »«&e-oil . 
#a a» a of liigli .aitro.g»ii a"vaila1iilifyj^  %m 
a #taaii or qw oth j^F herbaoeous tli®y 
"feeeom establials#  ^witb. difficulty l3#©ftms« %h:m 
us# &t a#4:s4mr# th# n^a^g. mt a. 
wMmm 1ili« ftijactionias of tli® i?©0fca is fell© 1« r#-
pi©«5F If 111 t© b@i»g • 
poorly ®m1ssolls a» oml©ar##iiS,^ . tr#« s,r©* l^i. will fe# 
#*»» . 
Isi wlmw mt e f «©t fclmt »»y tla® ##41.s ar© 
pssFlf s# m ©r ii#S'ffy safi %h.# fS.«t t® 
yndolatiii^ ; tliat t'Ms' tm^tor plmy 
sii ^rt tft. %lt# gir«*%ii mM of 
mmms cokclusioks 
Satrlfcioa msM .gi*©wtli. #fca€l#s famw ^«©» mm&m wtt& wedllngs 
©f ^owdf rnwrn- ,si€ si^ »a ia s©T©xal grrairi# 
»nd r&r#sfc fh0 0l>|#©t ©f fell### €mp«ria«afes was tm 
m«©.or%aia jaatrltl^ aal f«#fe#3?s maf fe# isp# t^saa-t for fcSi# 
gyowtsli of «.ai, for tJs# 
growtb. «ai «»fembl.islTOat ©f m. mmm p^fei.s'l# .aii4 
.jr«tr#st s©ils 0t I©w«». 
!Bi# aa w©r® lialfesd to pime aaS 
tiiat P&-&W Si*©wfeli wms dist to Mek of ^oerrlil^ a# 
&t% feii# ®##dXteg F®©fcs,# :stiadl#« of tim raot iiyst^ ss ©f ayeoF« 
f»liisal ifcs4 iMm^myeop-rhlEal •fiygtuta pia# s«#€li»g:S gfeQw#  ^
1;lia% ptmabm Isitt twi©© as nsftf- •stesorMag r©0t tips 
«s piaats miA SO t-iw# ms stteli, ar#a* 
Ctieaieal of ^e0^Fklsml sad .aCfS»siy©©.Fr&lm«i 
F®wal©d tkafe tta© foaer €:©o.teaiii©d tswte® as wamU plmBph.&rm.m. 
ms til® 3.atft#r, timt & phmmpU0itu§ wmm 
iimifelBg fcli® &f th» tfemt; 
Tiklmmm tUm atosa^p.-fci©!*. &f p^&rnpimmm-m 
Using dttff,, soil- tT^ a f i^aiit&fcl^ ai &f 
nartlseim wfetlt# and rmM pirn©.® wlii§& 
It wmm t& aafi prsdia©# •^m&w'whxm&m ©a Seats. 
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Borfctjem 5aagl.m® 'Mqwwmj mpru^m 
9%hBw .a-oiiif#'#s». Femstim of :a^m©.i?i?til.m® %n a 
gFow'tii Im&mmmm wM.3.# miii#eal.:afe#d asttallf l^m&. daipiiig 
ttbs ##ronr .p»©wias f&# M«at.ifei#s tto.:®. ^©orr&lsal 
WW# not ^#%#pjaiaed« 
sai*i*l««i omt witk Jmefc p$xm. gFowm 
ia. witk l5*S©tl. gall »&©»«€ that ttils :Sp#ei#s r®®-p<Kn(l#€ 
t0 aad wmrw fc# altrngm aJrt»r 
tliii liigli pli^ ,a l^i©i»«S' r#«ittl»wat.g Imd feeeja 
iaAl#st#4 timfe oa soil fiUi# a#-®€llass 
0f* twmmtf ©©at gmf'srpliesiJliftt#:, 
P©3ptJait;©a© of J&eic pla© in ©ae ©f tk@, eli®©k 
%r<iato©»ts. of til® fe.i?tilis«r mp©:riai©mt.#. Its,# l»©omXa.tlQ» 
«:xp«i*i»afca wlfeli, Se'©fe# plu#  ^ #xp«rla©Bt.ts# 
tUmt gooa 9f pim-e® ©©-mM. "I>@ ©tst;a.in#il, 
i^feiaei* %y %:# ,i^ ©o.rrM.«.«# o.r ^©rfcilising 
witlx jtesspli#!'!!®* ®a« mh^vm statement is ©€»i^ ©l>©r&%#<a by f®i*-
an^ft • S.;aQcui.at;.l0a #xp«ria@mts- mm 3M ^#iF mmmmd jmm.r 
mat :^ -©t .©Tmi»mt«d &y is©«©ttr«®iiill« 
lib. vm-m f&mt& Jaefc p:im» a^^^ l^iags forwii. i^ eorrlilsa# 
«ad grew -vm-w  ^ wm%% ©» tli© acid au^fa.©© ©oil of -n ««©® 
sf a glarioa., 'bttt railed ©a 
m Wm^-s%mw swfae# moli. of .^ 8 *fm,&f.m 
fto#si>ii0rtt:s -amfelfelsja of ^c@i^ &J.sa3. an® 
pia#- .£.« 41s€^m.®s«d is fe@niyi 
mmM t-m-t&rs afffeli« a%®«:rpt;i©a, 
fli© dfttm a» t® fels@ 
fclcm fcl^ ory i^ e«»hisa# ag ^^©-relQpd  ^  ^SfeaM. (1900) 
Hatc  ^ {X0S*7)* Ia@i»«ss©d surface si*#a m^#aFpti©ii aad 
sfeimwlatad root i»@sptmtion say i^ ©:^ fcaat. f»©tars 
la fell#, autritiom and gi^ owtb ©r ^eoi»3?liimsl ®#«€lliig»» 
It wa# tfaomgfet t&at :phosplios'as of msss-a^ecsyAi^ Eml 
aeedllags wsa fsllow^d lyy good srowtli ¥«esas# tli« gf*«jat.#y-
e©.s0®iifc:i*»fel#m 9f pM&spliortts ia l»®r#aa®# 
wMeh la t-sw» w&m f-m%l:mm®A "toy ia©^#ms®d ^^spiratlon growth 
aj^  mm ©r «s 
fia# #%ii.ai«. witli w«r# Maifc#d t# #a# ai^  
jm-mT- old a#«itlisgs- r#€ ^mmm •mmh,^ _ ma.d. 
S^&wm. mm aaifi .forest sarfa#© aafi smfe-salls ol" tli# f©l-
.l0:vm_, p.®ri©#.i Lliidl©x»- W»hm-b&^0 Mmm, 
Th# applicat.i©a ©f .fart.i3li##r #l#s»a%s was l£slt#€ 
t© t.|i» smtosolls aad wms d#sic:a#d to fell# Impoftaiie# 
of asm® amt.ri#at .fw 
Qm .s-n^soll whlmii & «ali .csr 
dllat# ^aeM-.s©-l..aBl# Cl^  p#i^ €s- pmr 9Mwm}. saa, a 
mo^eTmtm ^mvmt of fe©t:®.l rl^ rogea i%WfO p&ms&m pew a©S'») all 
s.p©«i«-» fco aity©S©» osiiJ t® pli0aplioi*l»». 
©13: wlil«5li eoiita£.».#d m m^tX t^iueafeity -of 
C60O p&mda p#!* mrm} asd a .la^rg® of pli«».splip^m« C23S 
.^©waas p@.y acre) tiiep# was a. ia»lc«S »#sp©»@# %©• nifercfgjes tet 
n&jm to phosphorus, te t c lii^ ^bly 'e^^©.a.r#attis ei*.Fiieii smfeaoil 
w&leli was %mw im iiltrog#ii aad coafcainsA ». asitwat:® 
Qt ©I' mil sp#0i»s wr® cM.o.s'ofcl# 
gi»:®w pooi'lj* asli ai^ . ©Imj. l3t0w«ve.r, r#sp«ad#  ^
ao4«i»at#2.f. t# s:it:rog«» .ai^ . fc® a«.4 @p##m 
a«.li als« a saall pefeasslw Trnmpmrnm^m, M&3.. oak wmm 
«id M4 a@-% r##p#iid. t@ W M* iMmi' ... 
mmmljm^s sla©w®€ fels.a,t ftli® etilor^fcle i»#€ #aks did s&t 
©a ©*S«J.l @u%a#ll ©oataiiae  ^1900 
i>®im€s or aitr®i»» per aer# a®J 37 of pi«#fto0ms .r©4 
©ak «ad, .gr##.a ask re«p^d«4 .sli#ifclj ai-fer#g»m#' R#d oaM 
mfm-m-m& & si«rte®4 i^ 'sspsap® fc© :i&®s.pli&i*as itili# «s& aliowsd 
•&&wm^m: addltloa of i^ ofcas t^sa 4#pr#«.s#4 girewlfe Gi 
ae& m. tlalg 
Wiem til# -siib®©.lls: w«i»« .ari^ aias©€ is ©rdw of iiic.r'®a»ii3  ^
liofeal aitrogen e0ii%«.sfe of tia# »ol3,j|.. It was 
%liat vii© a«salti*4# ©f tl» grawtia. »«p©B## fc® adde-d liitTOg^s 
d i^*©a»#€.jf. tli.at m% m 'fc ¥«1 m£ 21500 pemids af totml 
»i-fcy#.gen pei» mm*m timvm was llfetl# 0w tm w®&p<mmm* 23aei»© wajs 
lit'fcl# o®n^)Bl«%l0a l5«fc»®a Hi.# i}h0apli0rm® doatoat ©.f tli® .s©ll. 
.and r#s.p»a«e t# .add## pli^ gplior*ttii« Im "bo'tli. #a#©.® tla« .3?©sull.t..s 
mi th& alkaline <3.1arl©a .si-ibsoil mtst hm 
Sppajinu,, Injeetloa, aitd soiX aetdlfioaticm ©xperliasat© 
carried cs^ut tm dmtm^^nm tlm #«ase of tii« ©f s©#4*-' 
Hags ^&mn. o» cl^ rl^  sabsoll.. wef« 
tfea-t .Inabilit'f t© al3#©f% iroa tri&m .eale«r#om.s 
mu%Bo±X wmm i^ #.spoiisl.l>l'@ for l^ iis .eoafiifcioii. at^  'fcli# aB«oei.«t;®4 
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©i© with. Mutreated mujctemm sdil# 
w©ip# eo!apa®^#d with r©«mlts f;r©a ®J1E feF@«t#€ subsoils to Ae%®r-» 
laia# tt tli# Auf'fs#© aoils ar# ©apabl® of aear »axl»-
mtm g:eowtli.» ;3r«>wtfa ®f all sp#el.«® wmm b©%-fc«r on ftli® SMrlon 
©ajpfAe® &©11 thmk ®s t'tis WFK WmmtmA a fa©%- pi^ is^atelj 
dm© tiQ. tti© poor gr#w<  ^ and l^©3?©tle of a««dli3ag» im 
fell© .®ubsoll,» ©n tk® s©ll. feM® 1?K trsmtaS sn&sisil alwaja 
pi'Oitiae#  ^ lb#fc.t#r growtii fcbm tli® mtip©&t#d i»H« i:*©«r 
analyses f#r iik€i©.a1;#dl tliat th.m poorer ,gx»owtfei. cm. 
th,© sia».fae© .sell h&vm da® to- lew jte&spto&x'm# amll-
ability* Qn htridlej .sell msk mwA m%m w®r« ®up®rioiP ®a feli® 
surfae a a oil. ifel l® ©.al: gi»®w o» tti# MF.K ti»«afc®d sul>«©.ll*. 
0ja. surfs®# s#li grcnrtts. was probably a#-s©©:iat«€ 
wi%b. %hm ©«l©.«r#©tts of tiie s«.ll «ad its pMm Sitter# 
tli® »mm&X%i^ m w«i»# a@t; elil©^©t.i© poor gi*owMi. w&y lm.T® be«ft dm#-
to l#w atw.il.fitoility of p'hoMp1mTU& potassiua# 
0b#e2'mtiom» of th.& root m^mtrnwrn &i' li«ydw©oil «#®dlii^ .# 
»bow@4 t&at- rsd o&kB grom oa. .fcj.mefe @»il® wmrm i^ «oi*Flalssl,. 
Willi® 'tm ^eewwhlzmm wmrm fottiaS om Qit&mn &mii, 
#la,. ©r blaelc l©©msfe». R#€ ©ak s®©dl.lBg-e .g.rowm e® 
pt».©ta»3.© soil® C^aata soil ®xe.®pt;«d) wey# xxoo-a^eorrliisml. 
St© abMifiaae© of' i'© .^. «i«k ^06i?rM.sa® ianreas®  ^ wlfcia, ad<l«4 
.aitj«g©», bmt» aofc wltli a«3d@4 .pMosp^ftts# SC8B« i»air«©fe ©iri— 
d«fie« «agg«0t»4 ttm.% ©A i^ ##3?^Iiiga!© w«j*« .»©% 
ia tti# s:iid p&o®pl^ i*«s amferitioii #f "to Is »p«e£#s. 
©f ttiis mpmnlma- «» GlariiQii,,: 
liiaaJtisyif, B&%%m. »iigg*gfc thafc May 
'©« iaporfeant ffe».0fe ^ owtto. r#€ - i^il:# 
i^*»0a3.t# »f" -fe# laBS#«©4 eomlf#r #sf«»3Ji^ a:fcs ar®-
mSMU. .3P#g^4 to tii-#ir felon, to WiM- gwmitM miA 
#«tfafeit.^ »ii% ©f ttt tb.© #*#% eantr  ^ pi»aii»i# ..i»#gi:i».j| 
t# tfe# A^m^A&m &€• trees #ii fe;M« pmi:ri:#*:: Slst mxm hm—-
't& b# iisft-^rtant conbributing. esii##g, to tli® 41ffl©isHsy 
of .getting ii^ #.s ©at&fej.tsh#!!#,. :i» €iomp@t£lil@a. wilbti 
.grow sl#i!:l.y Mi4 sir# 0.f fc«a -taaitBl.# Mo 
dffaiaa^m ir©g«tafciott duriag. Si# 
§%&§#.« 'l%iis. i:B »#!•# %rm# 0f eojii^ ef-s thmn #f 
2.» Hi® »ifci»o.g«a &£ -tiT&m mmm^Xlm^m -^3 gi»8i.;s# 
appsr«atlj mark©dlj» Ihasa 
sappS-jf wa® .1©*: fcr##. s-©«4Mass r«@p®ii^ «€ t@ «5d#€ 
fcliiif gF.M-:S®s las Mair# »pr@a#at0ci lij oatsl r@:spein4©d mw&m wh.mm 
tji# soil auipply »«s.« imisli. 'fbms ;lii^ mmiX 
al"fcpog#a pr^^atolj. TmmuXt Im iMmwmmsm€ gra#« grewtk 
«»i- fc&# »ettit.tas #©a^@%i%l&a w©iild imfa-wmtel.# ##-» 
feafeMalsftsfe of %3P#© • ae0<ailni,;s« 
Si# l.#w muppXy  ^ &£ amllatei# In. .sisia# ef Ma,® 
aurfae© soiis of fcJ» r«-glom limits ttM growQj oC  ^ aoa-^eos l^ii.gail 
©ondfers «id wo:rks ©gsinsfc felieir I,#* pto#* • 
.ft^ allabillfcy %¥©i*k &ssi»s% tti# eg%ft&3..i»lsiiiftst. 
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Im Mmmmrn 
4,, Migiily alkalla« asfi sMlasoils do 
»o% permit t^ em- BmmdXlms «s€ mim:m »QiXm ojf 
felii® %p@ «# ppesafit. -row  ^i« sad 
:1s i^ robabl^ f Aiffienlfc t# 
S* I*ae-& ©f' .ay©©i'.rfei#«l fa i^. la jpml3?i« :«^xls r#salts 
is v«ry posF gr.©wfela -aii# pi»0"b:afe-3.j pjjewats tit# 
Qf ©o«ir@PE»: -TMs fmmtmw may also WQ^TM Agm,lia«t ts^e 
»ieii.t of asek p«;i?hftps 
ot;:!i«r#» 
S.^  a©ll» p«i* €i'aiii»g# -mpm imfa.wi»» 
tfe:# de«l®p»iife aa  ^ f'lmsfci^ nlnc: Tm&tm-m' 
•faster ®p©3?at#s ®3a€ ls#s% §,y&mtU <if 
pXmmiim mmMb. ®s tr©®® sliieh, ai'e «©r© mpoa smfeaoilk • 
tlma «3?# f^mmmms &w li«rto«0so«s pl:a2Bt«» 
ttwum mm fsi' ^mm M tfe# siirfae# 
soil Is ^so iiish la. aad -if . stiteseils mmrtm&m-
a©l,ls m^wm rnrnXummmm aa€ 
LXT&BATVm ClTm 
i# H.l» Th  ^ plasticity of th© root Bj&tem 
of Copsiean pine in early •Ctefoj»d For# 
li®m» Ko. IS* 1930* 
S,#. 4Mri«li'«-13,ak#, 1» The iaflaene© of nmtritlon m tb# 
TOlatiT© TOot and siioot drnvrnXopmBut of f©r^©st 
tre© s0edliia.2s, ' For^ mtTj 6s40«-SiE#. 19SS*. 
S*- Aa#afsi3rtj,«» 2stablishins piaes* Fr®llmlasry ©bserwfeims 
. . on tiie effects or soil ino-culatism* Hhodaaim 
4gr  ^ JottF, 28sl85-.187  ^ ItSl* 
4» 4sg«ciati©a .of Official 4gi?leiiltiiipal Chmmlstm-t, 
&£ .wasMagton, S,» C* ISSO* 
S,. t*» I^* mnd S. &,. ©f 'rerying 
of nlfcrogen  ^ »wfi :^ ogphorus 
#m the gi'owtJi and essiiallatlea of yoimg appl© 
fey#@»» Fro©» &m* Soe« ifort». Sol* 55i2S5# 1937. • 
0* Dl© *a^«aiafFag# ia fMMbau* 
ForstarciilT 16sS8-»92. 1940* Original not 
Abstracted In Forestry Ahetrm^tB 2jr28£* 
imi» 
7» J* f»» Tti^  troataent of lis©-iBdue©S eiilorosl-s 
wlfclx Iron salts* Cal* Agi*» ^p» Sfca* Cir,..5Sl*. 
iasi» 
S.». Bisk®, Mm- A*, Mlglatlasale, G.!'. and 0, ¥i» 
Butriti^ a of appl© tj*©«s» W» Agi?* Bxp* 
Sfe®* Bml* S26# 1937-»; 
9». Bfowh,, B» a* Pasture isitrestlgations* 3#. ,I3ffacts of 
fertiliserg on t^ e botanical and ebeaical 
eompositioa of tiie vegetation in peraiaiamfc 
pmQturmBrn Q0xm  ^ Aqt* Stm# Bul» 187 • 19SS.# 
t^mrn .^ f.:« I* S#.ila of I#wa« Special lo, S,» 
I.©w& Agp# Exp*. Sta#. 1936. 
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11» Tm F» ®3.e r®l«felo.ii©laip# of' 
. soil plicjfspliates* Ari^ «, Agr* Exp* Sfem* *l#©k* 
. 1932•-
Qs tfc© si^ nil'leanc© of 
t#l«sgist 55sllt-lSl. 
Sfaleroslift of fcree-s* I'te'sl©!* 7m 
14« Bwf'#ll,j^ .A» B*. S0atr©l oi* iBternal eork mppl# with. 
feoroa:# . Wlxyt&pB.t'h, t8f4* 1§SS* 
F* anil B. R« Some of' ©itras 
lalnutrition in Florida  ^ #ls* Agr. Bxp» Btm* 
MLm m 
16,« A* G« yoX©i?fijie© of shorfcl©-  ^ se#€ll30g.s 
for none ^eriatioBS In .s©liifel» eslci^  aal 
li-ion coaoerxtmfclon# Elaafc fti^ siol^ - 161 
313-.3a6. 1941» 
1*1 m daajpttan,., If* ©* XaorganXc fAiosplmte iw green pla»t 
mm m aieasitr# of. pliosphafca •&mllfil5.1lit»j« S&tX 
. S«l» 39illl-122» 193B* 
18* Cimp^M^ Em A-bsorption q£ Iron fi?oiit finely gro^uE  ^
bj eifcrus soedlliBga:* S©il S©.i« 
48?30t»315. 1039, 
1S,» ClmpaaB:K, ii# G-» P« Jr. axwi Park©!?, ]£» E» 
Jafts^aa^se stu41©as California soils aud ©ifcre® 
leaf s:i^ ptosB defteleacj* Oall£»: 0iti*o.g* 
24S4BT, 4S4« 1059* 
g©« A.*- S* and Broyer, T*. ©», sf salt#. aaA 
wator In 3£yl«iii of roots ©£ liig^a? plaats* 
/jCT* Jour* Bot^ » 25S529—S3S.* 11 
0allia«a.ji F. p., Scott, D* H« asKi Waugh, 
0ffacts of aaounts or ni.treg©»ij, 
pofcasaiim  ^ aii<i pbosplsorus on th# of :^ ©taiig 
pB&oU tS^QBm Proc* MMm- SOC* H03?t. S©1» 
56 s€l-6a* 195S. 
O0 W# and Blake, H# A* d#fl©lieaey 
aofi natrient balane# ?d.tli tJie p@&©ii» Froo. 
U See,. Hort# S0.1. SSJS39-.346« 
- XCO-. 
SS,.. 0« Mm mnd SJilw, ll« Tiie Q£ feii© 
•^€r0g#ri.-ioB ©onomtyatioji ©f tlit, «taXttt3P® 
solxifcion upon th© atjsorplsicm .»»€ a##lmilat,l©a 
or nitrate mid iilti'ogeii by i^meli. fer«©® 
.Sromt In sand cuittt?#.®-* Soil Sol.. S*ri..SS?--S8'?«-
19S4* 
24* Wm Gmf ¥o«iig, Q *  Y m ,  H* and C« 
DiB©&®©ip of eottifers In t&rmat nmi"S0.ri#s-« 
Kimco* pubXiostioa, For* F&th», Baf* 
Plant liwi#. Urn. S« B«pt».Agr* 1938 
SS* .l^ iwjipfcler  ^ 0» and Foaarg©, J* r|#0&»cl»es l»e.lia#a%a-. 
tio» agot®0, piMjgplmfc##. #t pot&#»itii© dw 
sei?iis d© Fin sylwstr© (Plaa® gjl-restrls 
Bui, Insfc* Agron. OembloMX^1175-103• 1^38,« 
0:rlgiiml uot seeu. Abst-meted iB Poi*e.afery 
Abstract® 8141* l.t40» 
BBm .K« I>« l€^©orrliig;a, bearing sj»ecie« 1» tb,© •I'ieialfey 
of Lr&fafette, lad. Proe* Aead*. Sel» 
37s427»^S9, 19S7* 
f# C» ^Wlthar tip" or a eoppar 
deriei^ncy diaease of appl# trees* 5"otir« D©pt« 
Agr* !• j|.ustralla XS^lgO-^lgSw 1938« Original 
not 8©«a, Abstraotad In Soiis and Fertiliser® 
Is256. 1958. 
S8» Bmstiwii,, S# 1* laliereiifc factsi*# 'fco' abs#3?p%im  ^
of laineral flements. ^rnrnMrn-m Brntm Sag.» 
79I2SS-264* 1025» 
g#«. L« Experiaent II on thB liming of r©F@:.^t 
' soils* Forstw* Cemfcr&lbl* 61i22t<*237» 193©» 
Original not; s©ea* Abstracted la For«.»tr3  ^
Abstra©fe» ItW* lfS9# 
'SO.,, .p.alck,- a» Sr*welterte Danicgclirift &ej? die Bedetttuiag dar 
Fad@apilm« £&* di@ lutisbfr^eteii^  a®r 
AbfelXste^.r© zixT' Bmx^mvrmiw^s im I'ald# imd 
d© Mogliehkeit eimer naeJKiferasllclieii 
X>llgliclien AuTselillessmiu das 7roekeiitorf-S.» 
Siyfeol* ltet©r«-» tt» 19B3# 
Original not se®»;« Abstracted la Lltemfeui*® 
of f^corrMss©# 19S7^ 
31* Fraaelc©, II.« I.* B©iti?age zut Keimtnis <l©:r Mjcs-orr-liiaa von 
rlORotropa. liypopitya imaXjBm land Bynthmm® 6.mT 
&jmhlom» Flom 120il-Sg. 1954» Original 
s©an« 4fest:ea©t#d in m£ f%*coz*Fli.i.s..a®» 
1931^ 
P* and. VMal, J#- !«• Tspesfeasa  ^ ©f fruit tr«®s 
fo:p <?tilorosi#» C* R* Acad. Agri©. 24ilS0-»]|.64# 
.193S» Original, not s©®m» Atist^ aet©4 in Soil® 
aiKl Pei'tiltaers 1?81« 1938* 
?.• ai3d C&r2»«r©, jr, 0« Oaus  ^ lim0-»ludii<s#d 
. ehlorosis mmd aTall-afellltj o-f Ircm ia tli« ftoii* 
J^r# B®s# 20sSS-6S* 1920» 
S4* J# H» Rol® of potask a® an oMlsasi ^ #r%ilis#r* 
Ohio Sxp» Sta» Special ClVm: 4ft* lSS®-» 
Sa* a©ay|.@:^ ,. J". H. aaii Howl«tt, F. S« Moa«rB. Trult 
Tli0 Mae l^laa Co*., Mew York* 1041# 
Smmm,. Am E. C# Pliosphortta d«£ici«»©y- ia eifeFits# S©il 
S«i. €2j®3«119» 1956, 
iimms, A» a« C» for h®mlth,y gFCmtii la eltrms. Oalli'# 
m.^ m* S3 SIBS, 176, 1?8, 180# 181, 1958» 
38» A*.S#-.C* and E»®<3, S. "Bl® absa^pfeion ©f ion# 
%y clfcru® aiKJ walnufe ®##€liag#*. Hllgmrdia St 
S?.-l<36  ^ 1926 • 
S#». I».» H» Floral sneerssion la tli# fral^ ie-grma® 
fo^amtioB of Sotith ^k®ts» 
pf^¥©imal, vernal^  and ©stiiral aspaofrs* . 
.Bot* mz» 46 f 81-108. 1908.-
40*. B« The foI# of taeyeorrlilgaa is «rr#ir©st;»M.oa.*. 
Jouy» For# 34s22-29• ItM* 
41#. A* .B» Bi# ph:fBle&l basis of i^ isofcrop&'S' 4» Fia^ s:.*. 
Black Hook Foi^ st BuX* 6» l^ S-?* 
4S-* Am Mm mnd Doak, Km D* Mjcorrlilsal mn<3 otber 
of the TOot «yst^ of Pisus* Jou^* 
Arnold Ai»b« 14tS5-99* 1S35* 
4.3» g#a^mii,.. J# Minor anfi. tfe® Aus.tw&lm Pai*» 
3s24-2^* itSm* 
4.4..#. aeoij^ ,^ L, K* Mjcorliia;#.® of tre@# «B«i slai^ atos..* Be.fc.» G&s* 
94t791*^0* 1933, 
4S« Wm: %.» W&mtmTS iisflu^nclnc 
mm Soil S«l* StsSS'T-S^®*. Itas* 
m* Pm. a#: «alt mmtritloa- ©f 
.iaigii#F .&»%« iw.*. sisof-sa#-.* X9m  ^
4'T»- SomglaniS, Dm R« and T* C* G«a®ral n&twm t&# 
pi?o©«ss oC aalt asoinsulafciim by roots wftit 
d^scrdpticm of «xpei»lmeafcal siethodB* Plsat 
ixt471-scr?* 19S6* 
48* !>• R., 01ia^ l#r, •%% H» and f*. E* 1,1 ttl#^  
l#af ©r rosett© of fruit tr©#®# Fiortker . 
©xpei*iii©».t;« b0a:ring #m tli® or tSxm -liiseas#* 
Proe# Soe* Hort» Sol* MsSi#-212« 1.S.1©* 
49» K®w©Xl,.. J®s«pii. Sgiatlon of western jmXl&m plrne-
t@ ti3  ^ reaetion or th© emlt^ ® -solafctosi* Plsiit 
mjslol, 41657-071, 1932. 
60» w., Ealiiam-imtl lla^e»itfflimang®lei*scheiiims©ii sad 
WiFkuag eiii#3P Buttgisig aife aaliuaclilorid tts»a. 
Smll»»sii©sia amf 4as Waelisfct^  T®]p@cM,©d®a©i» 
HolEai't©a» Bruito* Ffi» SS52SS.2S0* X959» 
Original yiofc s@«»# 4t>straet^  lu- Foresti^  
Abstracts lsl32« 194Q» 
51* SmmMmm,, 
mm 
W» M® Wirkuag Eolipiiosphafe;^ mttf da® 
dmT RoXzm.rt®ik lis. sa^©ti 'MrnXdhoden  ^ Bodaaic* 
FflEmato. 13 2249-256• 1959. %igia«l m&t 
s©@a, Abatr&ctect in -i'oi'saferj jbatx'mot# lt2Sl*. 
1940* 
^ f • Urn, LMojm#, Am ai^ Fa^llloii, F* Tw&lm . 
mmS^m d*#seais d© fcr&lteaent contr© Im l^alorog# 
d©s artjx'®® fruitiers* Epiplsg t^* 
1937* Original not s©exi« Abstractors iM: Soils 
and Fortiliser'B 3 J 89# 1939» 
M, 0» Hangaiiss© olilorasis of pln@appl#Bi ' Its ' . 
eatis© m<3 control* Hawaii Agr# Exp«  ^ Bta. Bal* 
5S» 1924* 
m. 1.  ^til-© ocom*r©nc@ of »«^1# fi»iow in piia©:# 




Jom©#, If* M* SOKt^  toiolosioal, sisp#cts ©f soil f-ei*tllifct'» 
Matus*® 14Ss411«412« 1»40# 
E©ll«y.». A* P» Ijlfcei'atiai*® of ayeorrliiza#. Bomd miawo--
g3?apli#d ^Gttecript# hftiT&rj Iowa St-ste Collegoj^  
Aaee, Iowa# lt37« 
K#ll«y, A., !Pl3.e ooourrmo# of :s^orrbisa#* Co«ti*ltou*» 
tion from tli© I«ad@ntoei»g"I^aborstoi»j,. 
1958« 
gesi®©!!,,. S» L« Soli organlsuB* Sa® dap«iid©ae« ©f 
0®rtsiii pin© species mn m toiologle&l soil 
IMpir# For. JoaF-=. 6 s 70-74• 1927* 
©t» K#.®TOilj^ . S* Sfr#cfe of "bii^ ias ml.mmh on ®@11. smM 
suco©#diiiS ¥©getat;lo-a* PtsTmrntm* 841 
44S-.445* 19SS, 
60* E«»s#ll,. S* L» and Stoafee;^  !?• !!• Pla® autoltioji* W#st« 
•Attstrslia Forests Bept* Bttl# 50. 19S©» 
F.» ' -0aas## ©f tf®er©as®<i absorptioa ©# w&t®r 
by plant© in poorly aerated Mmm. -tfomi?.-
Bot« 27:216-200  ^ 1940, 
LlSiSvftttigfc.,. B. 01® FleJit©«^koi»Mii2m Im Lielit© ddr 
fiiod,©m®a Wuahsstofforsclxmig* Bot* W t^lser 
1939 C2|iSlS-556. 1»S9  ^ Original ncife se«s» 
Absferaeted in Biol* Afes. 15sl6l^ * ltS9» 
l^ CifJtiwteg, ri. F» Root liitfefae%l©iia ©I" plaatft*. B©%*. E#w* 
Ss195-239. 1937. 
€4v»- S0^sa,: M« h* OscxirFeae® ©I* B^oorrhi^ a .im Iowa 
plants* Uaiir* I^wa Stiidl®© 'lafc* Hisfc* • 3Lls33-58* 
1007, 
S» 4* 1?he a## ef jf«:Ftilizer la tha coniferous 
amrs^rf* ©#»•. ..Ag»* Sfea* Btil* 416. XWBm-
6#» R* S.# **©lstio» of mjcopi»liisa« t€> eoalf^r 
s©#€lte0S.»: Jour» Agi?» 44s287-S16« 1952» 
67.*' '-toCoiabir A* Sx© ralatlon fe©tw##a mcomk weli^ ts- .and 
dewlopneat of one year eiiesteiit oak s#®41S.ii^ s» 
Joui*. For* 52j479-484« 19S4» 
68* M@-9© i^Jg«tll., W* B*, 0» tlia ia^ eori*Mzas or 
A®.#, # Sofc# 1*S1*74* 1914r»., 
^9m: MeBs^a^»ll,,. W» B* ^eorfMs^a ©f Jdur... 
F©i?:, ,20s255-260. 1911. 
70.* gi&J^ ag^ All,,; TsT. B» m'corriiiafts f'TOa S€n*%la.. Csftrollim ani. 
#asfc@i»a 9»%m ISsMl^ MS* 
1028. 
71,» 1". B. ana Jacobs J M# C» 
from the ©eatjpal rooky mouutatii F^gicai# la* 
JTour* Bot» 14s2S8-266w 1927. 
ff» B* I i^etetag  ^ 0.^  S^rmbl©#!® in a 
deeMuous f0r«st. 112# Mye«i*WL:«sl 
Bofc» ffaB, 86$22e-234» 1938* -
ScKi® ^robleisa coime j^tea wliblx jP^rtllisia-. 
feien of al&all soils# Oali-f. Cifcros* 24s380  ^
4S4* 1939, 
g©-0#0i*5«, ¥1* T» B3?#as#al@# 3» F# Tim vmlmtlom 0t 
awilabiXitj'p ao£l p«prat©a'billty, asi^  
eartooa. ifiioxlS# to the fertility uf eale&f»©ous 
.soils* Arls* Aur# Exp* Sta» Bui* 36» 
%mx-m-
?5.». A, 0» mn€ fftiit#  ^ 3'* .?• g.g'dwtli. of certsin 
.eoxilf®i»© ma lxtfii.i©aB#d "fe.f f®yt;±lis©r 




S» .4 stujdj of ttm #etotroplile m^noTThlzmB ©f 
mondj plants# Mem* Col« of Sci«, o^to Imp-.#. . 
Unlir ,^ B-e-T* 1927* Osplgisal 
not s©©a» . Absferae t.©5 lia 
- Itj-eorrJiisa© * ISS? •. 
K». dt?®? &lii« ditrcli lialia^gel "b<®diiigt0 ®S l^l>®ucto.t*  ^
aa. l^iuJapflaB,Er®n»: Mmmim#- Ffl* S35S01-354#. 
183*?« Origiiml jsofe Atostraefcefi in Soils 
&m&. Fartilizere lf39* 193S* . 
?8*. Slias* Stiadier- d# tiOFPlaadaka j^i'^ yMernas 
Alrnqvisfc sfid. Wiksells, ^J^psala« . 
Ho3pa?l&Mlskt» Han«ii1sifell<>tj#:k» ¥11« SondeFl>dr< 
A* jMcail. MMiminSX* 191*7« Qrlglmal. sot se®s.» 
"^9# M#l.ia, 
S©» Melifi 
.Slt&s* On tlx® ©I' ?iea® ©jlwstris X».«. 
and Pie^m ^bles Karst# SQwe* Bcolo^^y 0X0S4-
257  ^ 1922» 
Ellas* taat^ rsuobas^g i^i illsep di# 3@d#ufctms «l#r 
Brnwrn-^korrhis-a? Si»© 0k0l«>giBeis»Plijslol©gi.s^-k#.. 
Stwdia* 0us%ffl.v Flsb©!*, Jena, 1925* Tira»0lati®€ 
Patxl Sf« Stlckel, Edwards Bros, 
.Ml«li..» IfBO, 
"Ann Ajpfeor-
SI# Mm ^a.rmk%m<ohmix gtutli®a.. 1¥. Zitt* Fraige d#i» Mlk;r#** 
lbloXogisclj0ia ¥ors,«ag® is ili»us «li»ig®p 
ls.«ams.s^a@lii^ «r Albhaadl* <!• <l@s©ll» 
«•, WisE#mseii^  S2 (4) :3?6-39a. 1911, Oi^ lglnal 
aot seen. Alsstx t^ed la of WyTsov  ^
riiisae* 1937 • 
6g» l*m Fot CUltttr# t©st« mt ®@ll 
Blaek Rack Forest S«. iSS4» 
8S* ii* h* 'Bm growth, asd nutplti@» of piaa 
CPliaus stro'bw.s s#®dlittsa-la etll%tt2*«^s witli, 
•yarjlBg aitrogea  ^ phosplioru»# potassliam and 
•ealeiim* Blaok Rock Foi'^st; 1939m 
S4» . M.ifccl»H|,. H« L» aii«i Clmndl©!',. R* F# T!i© nitFOg#i4 
imtrltioa and growtli of certain 
tr©a® of nortlieaatem States* Blaek 
.Eock Fo.r#«fc- Bal* II.. 1.039« 
85». MlfeiW.1, H» !#• and Flan, E# F* r^lstiv© f®edimg 
power' of oaks and lasplds foi? eoil ptosplaonas, 
Black Eoek Forest Wmperg W&m :i* 
,©6.» Ii. I,,, Flmx, H. P» and EossMalal, R« 0. 
relatioa bew@©ii ^eorrhtsa® and tUm growth, 
sui^ istttrieat absorption of conifes* s®edli^s 
in aurserf beds. Black B&ck. Forest Papers 
!#.» 10. 
m. S, ©•» ^raafcaeufc or citrus and wind'break 1;r®@s 
affected wifek Iron chl0r©sie# Oallf» Ciferog* 
g4i:8t,.. im» mm^ 
88* W4m»m,0 A* tfber dea SliUTlttSS des Kalkens auf das Waoiisttsa 
tmfl mvLt die Emaiirucag <ier„Fielit# Xn Wmldhatm-^^ 
Boimlen^ Boci#nk^ PiOEmaha?. ?iW-70. 1938* 
. Ort^taal not A-bsfcracfeed in Soils aii«t 
F^rtlllgers lfl28« 193S» 
Sd,* .A.» A furtlier contrlbttttoa to our kaowl^dge of 
defleiouey sfsaptmas In #©©dl^ iiigs crippled 
stands of pXn»m X.e®aieks Frae« 1783S8**402<» 
195S» Original sefe se^fi* Atostraot#d in 
Poi*©®trj Abptr&©%» lsl7« 19S9.* 
XMt&i?nuc^\m^en iXber 4eii EinTlus® €isr 
Phosphorsatiredfinguug aiif daa Wmohmtwrn imd mnf 
dlo Emilirtmg d©r Flohte In. waMbaim»olj.al#a« 
Bod®nk* PflSwaahr. 118 9S-X28. 1958. OrS-sitial 
mofe ®©©ii* Ite^aferaoted ia Solla ar^ Fertiliser® 
#1* Iliads ^  Mk4 Ferucli;^ yyilvj smrko¥j©li kul|ur aa ^orfcst©ln-» 
o¥jc^ padaoli ¥©lkostetku Hrtj^a Skala. Sbor. 
6®sk®» Akad# 145239-250. 1.9^9» Origl»al 
not seen. Abstracted la Biol# Abs* 14t694« 
1940, 
BU* uljer don Elui'luss elslwlmjttiger 
Kftlidtaotsjaamltt^ X auT das kisefastma miS. dl« 
dei* Ficiifc® ixi Bodei^ * 
. FriErasSip, 10S9» OrigtoaX s«©it« 
In Soils wnd Fwtills©rs 2sl9S» 
1939* 
A* Karaa  ^ B» OrmmoQxmfd. nikt#r;|cli 
p4d* y«'pa.mi p-lseaske. Xfesnieks Prao® V7t 
i-32» 1958, Original nofc mean# A.'bst-raet#*  ^
in Soils and P«irtills©rs 1?21S» 19II.8* 
t4,» Wlgli-fcta^ale, O. and nitrate imtritisea oJf 
daKimsfc i^ liciotus appl© tre®e afc 48  ^ F« B©t^  
Qmz  ^ 951437-462* 1054« 
IliglililiigsM, Qm T» fk© nltF02«a nutrltlofi 
Bot*. Heir* Ss85««'X*74» 19S7» 
96 • S* of soil iaoculatlan «m fcli^ e growtli 
of B^agusfc pine. Tii© MaM,3.ijng BcIi®, Bw« B'oi*., 
D&pt» ot AizTm aM HaturaX UmBoummm of Uim 
fMllppla© 'Xslasiis, Ils205-S14.. X93g, 
OrlglBsl »ot seen# 
W« I!y4r0g@s-i<»» co«e€;strafci0a srwa iroa oow-. 
tmfc of trmoli©al sap trmi gr®©a sfsd ©iiXorotie 
peaf» tre^s#- Flaiife PhjBlol* 7f2SS*259» X93g* 
SS» OmrtowBlsyf vinantitatl-w r#lstloii b©t-waa elilorophj'Xl 
mid Iron in an4 elilorcsbio p©ar 
Plant FliysloX* 19S3* 
f#» P-arlc#r, ¥1# Soil piiosplioms sfeudt#©* II1» Blaiit 
growtii aad tli#' m^soi^ tio» or P frosa eultur# 
soXationg of difX'^ rest phaaplmt® coacefitra* 
fcl03«» S.otl Scl#. E41139-140• 1927* 
IQQ.m 1* iii;5'e0rrSaia:a» frmas.* Mye#l» Ss#.# 
9t213-21S» lt24« 
.1SX», R#. W., Spry, Ko"b#rt aatS Fierr©, W. H* Tl» 
ver-fcicai dis'bri'b-u.tloa of total and dilufc® 
acid-solmbl« piiosplior'tts iti twelf# Icstwa §oil 
profiles* Jour. Am* So>e* A&toUm 32s683«696. 
102* P@rrf.jf W* 'Hi® of superphosplmt® #» Fiau« 
plaastcr. Au®t* For* 4sl2»14« 193Sf« 
L* ©f ©ottta3;©iPs pime.e,* l©0legj 9 s 
. 1928. 
104* WmmmtMp £*, 3'» fia@ ©ffect o£ ii.w.trl©ut drnficlmmij on tlie-
grawtli Qt loagleaf pSjae s©©dlii^ s» Soutiiem 
For. Kxp. Oeesasioaal Pmpmr 65# 1937. 
1,05« Polijtoin, Qm S« and Piei»r«, W# Em ®I® pko^ pliorus 
e#atyation of tiie exuded sap csf coim as m. 
2iaas«y® of •Qae amilable pliospliorus la thy© 
soli# S0\3r» Milt SO0« Agroa* 25? 160-171 • 193S« 
106*. Fr®wfe:,; f* and Stewart, F» C* Salient f®atui*#s ©f fcfct® 
root sjstea relatiw feo tti© problem ©f m&Xt 
rnhBorptlon* Flaat mjrnlQl.^  11 s509^554.*, ItSS. 
lOI* !!• 0* llltrog#» fixation i», Srl©»©#a©» 
Qm&, ?3^s22e-236  ^ 1922» 
tQS» Rsyiser,, M. C* !|ycoi»rMsa in relatloa to foresti^ * . I« 
E^S'SaFel'^© on thm g«jms Plnw.©, witli an aceomt 
of ©xperiaental woi*!: la a s®l®et©«3 area. 
Forestry 8£96-»lBS* 1934» 
109« M# 0» fb.® i^ 0©3fFliisa.l 1 ablt is F-slation to 
immmtw^rn II» C^gftnl© -md tii0 growtti 
yoiang FcM'frgtrf lOil-St., 1936, 
110« Mm 0'* ©i@ m®« Qt #«ill »4. ,i»0#ula in 
niirserles pl.itafca%i©s8» For* S&mt-* 
17s2S@-.g45* Wm». 
ill* ii# Bm and Fr©8i©»t, T# Factors thst Inflttenee tli® 
forsatlon mid <aewlo|»eiit ot i^ corriilsal 
assooiatlona in. eitr-us root®» Pliytopath. 
g5s64S-647, 193S» 
11E». lf«. km Plant lajectioa for diagnostic .aM curat!¥# 
purposes# Tmcii» cocimmieation llo« 10, Imp, 
Biir* Hort« and Plantation Crops# 1938# 
lis* Cm Em and Shit#, 5'» «* Factors »ff©tttiag ths, 
distylbutioa ©f :li»ott in plaata.. Plttist 
Fli^ slol.., 7sSt1'-gS2., 1932. 
114,» S«am®l, Qm Hot# oa fche dist^ iljafclon o-l' 
Traas* 6i3il Proc* Soy* Soe» So« tostrslla 
50S24&-.246. 1»2«* ' 
•18S-
SeotlSit. tdm B» Response of paacli feo potasslia« mxsM 
ptmBptmrum fei'tillzers in tUm  ^sasdM.ll aF»a 
ot tiie SoutJieast* Frocs* As* Soe« Sci«. 
56156—60 • 19S8 #: 
117 • 
William# A tliL0©]p'^  of te©#fcfa#sl8 to&s#d on. 
toplasmie "beimTior, Mlmeosrapsb.®-  ^ absferaet 
pap®p pr«aeated T3«for« tJa® /sm. Soe* Plant 
Flai'slolocl^ ts at Plillacl^ plila, Pa,#, B©e» SO, 
1940. 
E» Som® obg#r¥at;ioiis on fciie ©ctofcroplsle 
sj^ ooFrfelga-s of Flaus d^ n&XfXorm, mid P# 
la, Flkulatftt® 
lis. 
Teriaitsum, EJmeu imp* Ftaknoko  ^ J&paa*. 
4sll7-lS2» 19S0« Original not s®©»» 
Atostrmefe«d in I»11j©rattjr© of ^©orriiisa©# 
19S7» 
iMOllk,. I** llmfettral ferrosai^ aiiirerous eoocretions as 
remedy fox* elilorosls* 15r^8*. Iiit» Soe« Soil 
Scl*.^  4%  ^ €Ojm.i^ ^9Bm lfS#» 
H0» Sae€@^ «r., 0* S'# Stfetisfcieal Si© Iq-w& Stat# 
Collage Prese, . l«m# 1940. 
BmmmT  ^ Anna L» The i^ elationsiiip of tk© 
<5o»«eats^atloii oT solu.fcion ciilt«i?es to t,Um type 
and sise of root and tii© fclm® &t 
of eertala plaotg# Mus'm K#s* 
S2ilS3-14S. ItM, 
B.» IJ#ip Slim d©i» IfyoorrMzeatelMiaag# 
Bot^  S4iSS4-e68  ^
ISl, 
12'^  # . 
123, 
104. 
II# Am ExperSmmnt ±n t^ir-ecfe aee l^jig of wo-©€3r 
plants for establishing ©rosiom ©Qsfci?ol oo-mr* 
. imnuscript# 1936# 
H» II* Oo^Bl^ &n pl«# la 0».mfe 
:@tl4-24* 1934 • 
..S^feting, H# ^Btersitolayac^Bii ub®r dl& EmSt|^ iJijgs-' 
wriaaltiiisse des W^M©s» 
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